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SEMANCL (76) Reference Manual H
I. Introduction

I. Introduction

This manual is a description of the semantic definition
meta].anguage known as SEHANOL(76). It is intended to be as
complete and prec ise a descr ipt ion of SEMA~1 OL(76) as can t~
achieved using English. It is not a tutorial; it presupposes
considerable familiarity with the underlying ideas of
SEMANOL (76).

The presentation is in a “top—down ” sequence —— man ”
structures are defined in terms of’ structures not yet ilc- fined ;
thus it is intended for use by experienced (or at least well
versed) SEMANOL(76) programmers.

The manual itself consists of three chapters , including
this Introduction. Chapter II consists of a basic description
of’ the elements of SEMANOL (76) programs. Details regarding the
Translator conventions will be listed here as well. 

• -

Chapter III consists of the full SEMANOL(76) language
description. The grammar will be used as a guide to ..he
development of’ the chapter. Thus it is again assumed that the
reader has basic familiarity with the SEMANOL(76) notation for
grammars.

4

-

I

I

L—  

1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~T IIT~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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II. General Overv iew

II. General Overview

S

A. SEMANOL (76) program structure

A SENANOL (76) program may contain four sections , each
consisting of a sequence of basic constructs.

The Declarations section consists of a collection of
declarat ions , by which Syntact ic components and Global
variables can be identified .

The Context free syntax section contains a collection of
Syntactic definitions , which are used to specify an (almost)
context free grammar for a language (i.e. a set of strings)
over the ASCII character set. Actually, several poss ib ly
independent grammars can be included in this section. Each
syntactic definition serves to identify a set of strings with a

• 
sy ntactic class name, wh ich can then be used in several ways in

• SEhANOL (76). Any syntactic class name may be used as the start
symbol for a grammar.

The Semant ic de finit ions se ct ion conta ins Semant ic
definitions , which are operationally similar to function
declarations in other programming languages. Semantic

- - definitions consist of a Semantic definition name followed by
an optional Dummy parameter list followed by a Semantic
definition body . A semantic definition may be “functional” or
“procedural ” ; i.e., it specifies the selection of’ a SEMANOL (76)
ex pression which is to be evaluated (functional), or it
specifies a sequence of’ Statements which are to be executed in
order (procedural). Semantic definitions may be directly or
indirectly recursive.

The Control section contains a list of statements exactly
like those in procedural semantic definitions ; the statements
are to be executed in order. Statements may contain semantic
definition references within them —— in most reasonable
SEMANOL (76) programs at least one statement will have such an
imbedded reference. At least one such statement must appear
here to begin the interpretation. In practice , several are
used to specify the major steps in the interpretation of’ a
program in the object language.

i’:I 
2
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B. Evaluat ion description

The evaluation of a SEMANOL(76) program can be described on
a formal or sym bolic basis; i.e., the SE MAN OL(76) ope rat ions
are performe d on certa in cons tants for underlyi ng objects ,
producing new constants standing for other objects.

• In this manual , a less formal description method is used in
• which evaluation is described as the process of scanning the

text of the SEMANOL(76) program and producing objects which
serve as the values of ex pressi ons.

H 
- 

For exam ple , the SEMANOL (76) expression “a #CS b” where a
and b are SEMANOL(76) expressions would be evaluated as
follows : evaluate a —— i.e. create the object , ~~ , specified by
a; evalua te b similarly ; evaluate #CS by finding the sequence
concatenation operator denoted by I/CS and applying it to ~ and
~ to form a r e s u l t a n t  object , say ~~~.

If the expression x is a primitive constant then the value ,
!, of x is the object ,
2 , denoted  by the c o n s t a n t .

[ N O T A T I O N :  The “h a t” , ~~ , symbol  is used to d e s i g n a t e
the object or function or relation denoced by a constant , and
the “tilde ” , — 

, is used to d e s i g n a t e  the v a l u e  of an
ex pression. However , we may also wr i te of the
fun ct ion , 2 , u s i n g  the p h r a s e :  the  “ x ” f u n c t i o n .]

S E M A N O L ( 7 6 )  p r o g r a m s  a re  e x e c u t e d .  The process of e x e c u t i o n
assoc ia tes  va lues  w i th  e x p r e s s i o n s  in the S E M A N O L ( 7 6 )  p r o g r a m .

S E M A N O L ( 7 6 )  e x p r e s s i o n s  are b u i l t  up f rom objec t , f u n c t i o n ,
and relat ion constan ts , an d names , with precedence rules
imp l i ed  in the no rma l  m a n n e r  by the  o f f i c i a l  S E M A N O L ( 7 6 )
g r a m m a r .

S E P I A N U L ( 7 6 )  s y n t a c t i c  e x p r e s s i o n s  are  used to form con tex t
f r e e  g r a m m a r s , and are  d i s cus sed  e l s ewhe re .

SEI’ IANOL(76) s e m a n t i c  e x p r e s s i o n s  are e v a l u a t e d  in the
m a n n e r  desc r ibed  be low:

The s imples t  e x p r e s s i o n s  cons is t  of objec t  cons t an t s  or
names alone. The ev aluation of a name depends upon whether the
name is a syntactic definition name , a semantic definition
name , a declared global variable name , a d ummy parameter name ,
or a dummy v a r i a b l e  n a m e .  S y n t a c t i c  d e f i n i t i o n  names  can on ly
appear in more complex semantic expressions (keyword

•
1 
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II. General Overview

express ions , d iscussed be low )  and the s e m a n t i c s  of the i r
evaluation de pends upon the keyword expression in which they
appear.

Semant ic definit ion nam es may appear w ith or without an
actual ar gument ex pres sion li st , and are termed “s e m a n t ic def
ca l l s” , “ # P R O C — D F  ca l l s” , or “#DF ca l ls” ; e v a l u a t i o n  of such

• ca l l s  is analo gous to funct ion ca lls in most algebra ic
languages and is discussed in Chapter III in the discussion of’
Semant ic—definitions.

The evaluat ion of a declare d global var iab le name , x , in a
semantic expression is synonymous with the evaluatic~n of
“#LATEST—VALUE (’x ’)” ; i.e., the result value is the latest
value assigned to “x ” in the global assignment sequence (see
Sect ion D, “Global assignment sequence” , below). —

The ev aluat ion of a d ummy parameter name (of a semantic
definition) produces as a result the value of the
corresponding actual argument expression in the invoking H
semantic def call (see the discussion of Semantic—definitions
in Chapter III). ‘l

Dummy variable names appear in the scope defined by a
- 

- high— level— iterator , discussed below. The value of any such
d ummy name (upon evaluat ion of the ex pression in wh ich it
appears) is determined by the semantics of the specific &
hi gh—level—iterator , as discussed in detail in Chapter III. H
Also see the last paragraph of this section.

• in addition to names , a SEMANOL (76) expression may include
fun ct ion constants , wh ich ar e functi on keywo rd s such as “+“ ,
~~~~~~~ “*‘, , “#A bS” , #TH—ELEt’tENT— IN”, etc.; each denotes a
specific function which has a certain number of arguments , and
these arguments are represented in the SEMANOL (76) program by
(sub)expressions called “operan d ex press ions ” of the funct ion
keyword or operator constant.

Each step in the evaluation of a complicated expression
involves the application of one function constant to its
operan d ~x pressions. We call the expression being evaluated at
this step ’ a keyword expression.

Normal ly, the rule for evaluatin g a keyword expression is
the call—by—value rule discussed above. That is , the operand
expression~s) are evaluate d , left — to — right , creating

- - argument(s) as value (s); the function denoted by the function
- 

- 
keyword is applied to the argument (s), yielding a new object as
the result value of the keyword expression.

14
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Some keywords  are eva lua t ed  in a ( p a r t i a l )  c a l l — b y — n a m e
fashion —— these include the high—level—iterator keywords. In
these cases , one of the operand ex press ions (usually the last)
is passed to the function as an argument -— the operand
ex pression is not evaluated first. Then the function itself
ma y call for ev aluat ion of the operan d ex press ion or some
modified version of it.

C. SEMANOL(76) Data Types

The objects which can be values of SEMANOL (76) expi~~ssions
may be partitioned into five classes called Primary data types:

—Boolean objects: <true> and <false>;

- 

I 

—Unde fined objects: <undefined> ;

—String objects;

• —Sequence objects;

—Parse tree or Node objects;

Boole an , undefined and string objects are said to be
unstructured or simple objects; sequence and parse tree objects
are said to be structured objects. The elements of a sequence
may be objects of any type ; the parse tree objects are
cons truc ted of No des , and any parse tree is uniquely

- - represented by its Root node. Furthermore , any nod e is the
root node for some unique parse tree. Thus to say that an
object is a pars e tree is in some sense equivalent to say ing
that the object is a node. The SEMANOL(76) interpreter
represents a parse tree by its root node.

In addition , there are two SEMANOL (76) functions , <stop>
and <error> (denoted by I/STOP and #ERROR) , which when invoked
during eva luat ion , cause evaluation to stop; in the case of
<error> , an error message is written on a standard output file.

- - We will sometimes speak of expressions denoting or producing
the value <error> (or <stop>) which is the same as saying that
the function <error> (or <stop>) is invoked in the evaluation
process.

I
Since the evaluation of expressions causes the construction

- - of’ objects from the above five data types , ex pressions are sa id
to have the type of the object which is created upon their
evaluat ion. Thus we may speak of “string expressions ” , etc.
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The classification of SEMANOL(76) objects into primary data
types  is based upon the SEMANOL(76) functions. Every function
acce p ts 0 or more ar guments , each an object of one of’ the data
types. A function constant is said to accept its operand

- 
ex pressions iff its function accepts the arguments obtained by

- evaluating the operand expressions.

• In many cases , if a function accepts an object of type a as
its n—t h argument , it will not accept an object of type b (b
not equal to a) as that argument. This rule is r e l axed  in H

— certa in cases. Some functions will accept arguments of any
• ty pe. Others will nominally accept only string arguments—— for

these , however , node ar guments are acce pted by convent ion , and
the operator denoted by the keyword “I/STRING—OF—TERMINALS” is
implic itly applied to convert the node to its str ing of - -

terminals before evaluation of’ the function itself.

• Certain functions will accept only a subset of the strings
—— those having a certain (numeric) syntax. Thus a collection
of secondary da ta types (or syn tact ic or numer ic data types) is

- induced :

- - —B it string;

—Integer numeral;

- The allowa b le syntax for mem bers of each data ty pe is given
• in  Chapter III. Certain function constants will accept only

bit— string expressions (e.g. #UOR , #BXOR ), others w ill acce pt
only integer expressions (e.g., + , — , I/SUBSTRING—OF—CHARACTERS 

- 

-

m #TO n I/OF s (for operand expressions m and n), etc .

<error>

Each funct ion has 0 or more ar guments and , given those
ar guments , produces an object of one of’ the data types listed
above. Each operator accepts for each argument a SEMANOL(76 )
object from one of the data types list~d above. If during the
execut ion of a SE~1AhOL(76) program , an object is used as an
argument and the object is not of the correct type , the

-
• operator does not accept the argument and produces the value

<error> , whi ch causes imme di ate term inat ion of the execut ion of
• the SEMANOL (76) program.

- - The keyword I/CONTEXT—FREE — PARSE— TREE will accept as its
- f i rst  operand any SEMANOL(76 ) expression denoting a string, and

as its second operand a Syntactic class name which is the start

H 6 
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sym bol for an unambiguous grammar. However , it is imposs ib le
to test the grammar for ambiguity a priori ; therefore , a
grammar can be established as -‘~m biguous only when a parse is
attempted for the given string; in this case the keyword
expression evaluates to <error>. For a different given string
the same grammar may provide for an unambiguous parse ; in this
case the operator constructs the parse tree which results from
the parse. For another string, the same grammar ma y admit no
parse at all; in this case the result would be <undefined>.

D. Global assignment sequence

An executing SEMANOL(76) program can manipulate a structure
called the Global assignment sequence which can be thought of
as a sequence of pa irs ~~~~~~~ where ~ is a string called the
receiving string (or global SEMANOL(76) variable) and V is a
va lue of any legal SEMANOL(76) data type. The primary

- • oper ators whi ch man ipulate the global ass ignment sequence are
denoted by I/ASSIGN—LATEST—VALUE( s,v), and I/LATEST—VALUE (s).

T he v alue of the ex press ion “#A SSIGN—LATEST—VALUE(s ,v)” is
the em pty string; as a side effect of’ the evaluation of this
keyword , the pair ~~~~~~ is add ed to the global ass ignment
sequence.

The value of “I/LATEST—VALUE(s)” is the V in the first pair
(~~,q) found on a reverse or der searc h through the global
assignment sequence at the time of evaluation of the keyword .
If the search fails to find such a pair , the v a l u e  is
<un defined>.

Note that the “receiving string ” may be designated by any k
SEMANOL (76) string expression. Thus , the set of rec eiv ing
str ings employed in the execution of a SEMANOL (73)
specification may not be fixed at the start of execution ;

— during execution , new ones may be constructed whose form depend
upon the object program and its input .

• An abbreviation for the two basic assignment operators is
ava ilable in SEt-iANOL(76), using declared global variables. A
receiving string which has the syntax of a SEMANOL (76) name may
be declared a global variable. Such a name must appear in a
“I/DECLARE—GLOBAL” declaration. Then it may appear in a
(semantic) expression ; it may also appear as the assigned—to
var iable immediately after the “i/ASSIGN—VALUE!” of a
SEhAN OL(76) assignment statement. • -

If’ a declared global variable name (say x) appears in any

7 
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semantic expression it is an abb rev iat ion for the semant ic
expression “#LATEST—VALUE(’ x ’)” . The statement “I/ASSIGN—VALUE!
x semantic—expression ” is an abbreviation for the statement
“I/COMPUTE! IASS IGN—LATEST—VALUE (‘x ’, semant ic—expression)” .

T h e  f o l l o w i n g  points should be note d :

—Wr iting a declared global variable is then a matter
of writing the receiving string itself , rat her than a
SEMANOL (76) expression whose value is the string.

—When the declared global variable mechanism is being
used , two metho ds ma y be use d interc han ge ab ly to
establish the latest value: (1) writing the declared
global variable alone , or (2) using the I/LATEST—VALUE
keyword with the receiving string enclosed in primes .

—Thus in the SEMANOL(76) expressions below:

“ ‘AB ’ #CW ‘CD’ “ denotes the string “ABCD” ;

“ ‘AB’ I/CW CD “ denotes the string “ABEF ” if CD is a
declared global variable and #LATEST—VALUE( ’CD’)
denotes the string “EF” (i.e., if “ ‘AB’ #CW
#LATEST—VALUE (’CD’) “ denotes “ABEF” ).

—When the declared global variable mechanism is being
used , setting a new latest—value for a given
receiving string may be done either (1) via the
“I/ASSIGN—VALUE!... ” sta tement (wr iting the declare d
global variable itself as the receiving string) or
(2) via the “I/ASSIGN—LATEST—VALUE” keyword expression
with the receiving string in string quotes (or
denoted by a more complicated string expression).
Note that method (1) may only be used in procedural
semantic d e fi nit ions or in the control comman d s
sec t ion , while method (2) may be used in any
SEMANOL (76) expression. This limitation , as well as

• the need to know the receiving string a priori ,
tends to limit the use of declared global variables
to retain ing control related informat ion whic h is

— 
independent of individual object programs.

—The use of declared global variables is subject to
certa in context— sensitive syntactic constraints in a
SENAN OL (76) program : the variable names must not
conflict with any other names (see SEMANOL(76)
names ). The purpose of the “I/DECLARE—GLOBAL”
declaration is to identify the variable name as a

8
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declared global variable name , thus facilitating the
process of distingu ishing it from a pararneterless
semantic definition name.

The global assignment scquence is completely independent of’
all local variables (see Section E. “SEMANOL (76) names ”,
beloi~). Thus. no variables with a local name (e.g., dummy
variable s of high— level-iterators) can ever be explicitly
assigned a value via the “I/ASSIGN—VALUE!...” or
“#A SSIGN—LATEST—VAL UE. ..“ operators.

E. SEMANOL(76) Names

A un iq ue name must be us ed for ea ch syntac ti c and semant ic
definition name and declared global variable name. Definition
and global variable names are collectively called global names.
Each global name can be given to at most one of the definitions
and global variables.

Names used for semantic definition dummy parameter names
and f o r  dummy variable names in such things as “I/FOR—ALL.

- 
- loops are called local names. The set of local names must be

• distinct from the global names .

Each dummy parameter and dummy variable has a scope . For
ex amp le , the scope of a semantic definition dummy parameter
begins with “#DF” and ends with the closing “1 / . ” of the
definition. The scope of a “I/FOR—ALL... ” statement d ummy
variable is the <Compound—statement>.

The same local name cannot be used for any two d ummy
parameters or variables which have overlapping scopes.
Otherwise , local names need not be distinct.

The global assignment sequence is completely independent of
all loca l var iab les. Thus, no var iab les w ith a local name
(e.g., dummy variables of high—level—iterators ) can ever be
explicitly assigned a value via the “I/ASSIGN—VALUE!...” or
“I/ASSIGN—LATEST—VALUE.. .“ operators.

F. Sequences and parse trees

The structured objects called sequences are of a very
general nature: th e ir elements can be objects of any allowa b le
SE~1AN CL(76) data type , including sequences. However ,
SEMANOL (76) sequences may not be re—entrant (i.e., none of the
sequence elements of a sequence may be the sequence itself , nor

¶ 

9
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may any elements of the (sequence) elements of the sequence be
the sequence i tself’, . . .  et c . ) .

Suppose: two separa te  e v a l u a t i o ns  produce ~ and ~~, each of
wh ich is a sequence. If “#LENGTH(x) #LENGTH(y)” and “i
#TH—ELEMENT— IN(x) I/EQ i #TH—ELEMENT—IN(y)” for all i such that
“i <= i” and “i <= #LENGTH (x)” , then ~ is ident ical to ~1. That
is , the identity of a sequence is completely determined by the
order and identity of its components. Here the notion of
identity is defined in terms of the SEMANOL(76) operators for
equality (the node— , sequence— , str ing— , and numeric—equality
relations).

Every SEMAN OL(76) parse tree is uniquely represented by its
root node; however , parse trees are not necessarily disjoint.
A parse tree ~ “includes ” parse tree b if’ every node contained
in ~ is contained in a. Also ~ “properly includes” ~ if a
includes ~ and there is some node contained in ~ but not in ~~~.

A parse tree is “most— inclusive ” if’ it is not properly included
in any parse tree. All most— inclusive parse trees are disjoint
(they contain no nodes in common); any two (sub)trees , ~ and ~~,
both included in a most—inclusive tree , have the property that
either ~ properly includes ~ or ~ properly includes ~ or ~ is
ident ical to t~.

Each resul t of the “I/CONTEXT—FREE— PARSE—TREE” function is
(the root—node of) a unique most—inclusive parse tree; given
any node in a most— inclusive parse tree , any r~ther node in the
tree can be obtained by composing certain SEMANOL(76)
funct ions. Any node is the root node of’ a parse tree (possibly
a subtree of a most— inclusive tree), and corres pond s to a
particular string in a set defined in the context—free syntax
section; that str ing can be obtained via the
“I/STRING—OF—TERMINALS—OF” function.

G. SE~:AN OL(76) Execution rules —— general

Execution of a SEMANOL(7 6) program begins with the first
statement in the Control section. When execution of that
statement is comple ted  the n e x t  s e q u e n t i a l  s t a tement  is
executed ; execution proceeds in this sequence unless the
instruct ion list is exhausted , in which case execution
terminates , wi th a standard errc r message.

Each s t a t e m e n t  is e x e c u t e d  a c c o r d i n g  to the semant ics
s p e c i f i e d  in Chap te r  I I I  of t h i s  m a n u a l .  N o r m a l l y  t h i s  w i l l
involve the evaluation of a SEMANOL (76) expression; the precise
ru l e s  of c o n s t r u c t i o n  for  SEM A t ~O L ( 7 6 )  exp re s s ions  and ru les  of
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evaluat ion are gi ven in Cha p ter III also . (A general
discussion appears in this chapter , Sect ion B, “Evaluat ion
description ” , above.)

H. SEMAN OL(76) Arithmetic

Cer ta in ar ithme tic funct ions are performe d on numer ic
( s t r i n g)  values to prodt’.~e new numeric values. It is important
to note t ha t  the a~ gumen t  and resul t  ob jec t s  are a lways
s t r i n g s , a lbe i t  s t r in g s  w i th  a special  syn t ax  (as  described in
Section “SEMANOL (76) Data Types” above). However in many
cases they may be thought of’ most naturally as numbers (for
exam ple , “37 + 27” evaluates as follows : construct the argument
str ings “37” and “21” and apply the “+“ operator , which
produces the result value—— also a string—— ”58”).

Numerals must be strings which satisfy the syntax given in
Chapter III for <Numeric— constant>. Integer numerals consist
of an “integer portion ” possibly followed by a base suffix.
(Negative integer numerals have a leading minus sign.)

bit string numerals consist of a (binary) “integer portion ”
followed by a “I/BITS” suffix.

Each integer ar ithmet ic operator produces , as a result , an
integer numeral of base 10 , 8, or 2. To define these opera tors
uniquely, a standar d form numeral must be def ined for each of
these classes , wh ich is the form of all result values of’ the
ar ithmetic operators.

(1) Standard form numerals

A non— zero numeral str ing is in standard form if the
leading zeros are suppressed in the constant.

Stan dard form zeros are:

Integers

0

O#B8

0#B2

11
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(2) Sign—magnitude notation

- 

- 

The arithmetic operations can be defined formally as string
opera tions , but we shall use a less formal means in thi s
manual , referring to the underlying numbers obviously denoted
by the SEMANOL(76) numeral strings. Sign—magnitude notation
(with explicit “— “ sign) is used for SEMANOL(76) numerals.

At the risk of belaboring the obvious , the rules for —

def in ing the num ber , ~~ , named by an numeral x , are gi ven in the
next two paragraphs.

The number associated with any integer “Xn:::X lXO” is given
by t he pol ynom ial Xn *b!n+.. .+X1* (b) XO~ (1) where + stand s for
addition , • stands for multiplication , ! stand s for
exponentation and b is the base of the numeral.

An uns igned integer numeral , i , denotes the number , 1,
associated wi th the integer portion of I. Thus “ 13” , “1511138”
and “11O 1#132” al l denote the integer with decimal
re pr e s e n t a t ion “13” . If i has a leading minus sign , I is
negate d (“— 11 01I /B2 ” denotes the integer wi th dec imal
representation “—13” ).

(3) General Notes on Ar i thme tic

Integer arithmetic operators accept base 2, 8, or 10
arguments interchangeably. If the operators are binary
ar i thmet ic oper ators suc h as ÷ , — , ~ or I , the result is in the
minimal base among the argument s if the bases of the ar gumen ts
aitfer ; otherwise the result is in the base of the arguments.

All integer arithmetic operators produce standard—form
result numerals; this guarantees uniqueness.

All arithmetic is officially of’ un bounded precision. There
is no maximum precision of integer operands and results , for
example. (See Section J , “SEMAk OL(Tô) Parameters ” .)

I. SEMA !iOL(7b) Iterators

• Ea ch SEMANOL(76) iterator consists of three parts: initial
keywor d , itera tion control clause , an d iterated clause.

The iterators are identified by their initial keyword :
#F OR—ALL , I/WHILE (iterator I~omma n d s), 1/F UR — ALL , IIT1ERE— EXIST2 ,

- 
- 
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n #TH , I/FIRST, I/LAST, I/SUBSEQUENCE—OF—ELEMENTS ,
I/SEQUENCE—OF—NODES (iterator expressions). The iteration

• control clause identifies either (1) a control expression (in
the I/WHILE command), or (2) a dummy variable name and an
iteration control sequence; the control sequence may be
explicit (“dummy—var I/IN s” , where ~ is a sequence), or
Impl icit (“dummy—var I/IN n” , where F! is a parse tree node and

• the Implied sequence is the preorder sequence of nodes in F!;
“dummy—var: lb < = dummy—var < = ub , where the Im plied sequence
is the sequence of integers: lb , l~ + 1 ,...,Ob . If the upper
bound is deleted , the implied sequence of integers becomes
Infin ite). For Iterator commands , the Iterated clause has the
form “I/DO compoun d—stint” ; for iterator expressions , the form is
either “I/SUCH—THAT (bool-ex p)” or “I/IT— IS—TRUE—THAT
(bool—exp)” .

The I/WH iLE comman d is evaluated in the following manner:
the expression In the control clause is evaluated . If the

result is (1) <true> , then the iterated clause is evaluated ,
and then the entire I/WHILE command is re—evaluated ; (2)
<false> , then the termination condition has been achieved , and
control is given to the statement following the i~-erate dclause; (3) any other value , then the result of the I/WHILE
command is <error>.

- 

- 

The other Iterators are evaluated in the following manner:
the expression(s) in the control clause are evaluated (in

— left—to—right order). If the implied sequence is empty, a
default act ion is taken: iterator comman ds are cons idere d
complete and control Is given to the statement following the
iterated clause; iterator expressions return a default value
which depends upon the particular iterator (e.g., I/FOR-ALL
returns <true> , I/THERE—EXISTS returns <false> , I/FIRST returns
<undef ined> , I/SUBSEQUENCE—OF-ELEMENTS returns <nhlseq>).
Otherw ise , the compoun d—statement or boolean—expression of the
iterated clause is repeatedly evaluated until the termination
cond ition for the particular iterator is achieved . In each
evaluation of the iterated clause , any occurrences of’ the dummy
variable name are taken to denote an element of the control
sequence ; in the first iteration , the f irst element of the
control sequence Is denoted by the dummy variable (except in
the I/LAST iterators , where the last element is denoted); in the
nth iteration , the nth element Is denote d (nth from the last ,
for I/LAST).

For the I/FOR—ALL command , and the I/SUBSEQUENCE—OF-ELEMENTS
and I/SEQUENCE—OF—NODES expressions , the iterat ion te rm in~~~ on
cond ition is reached just after the last element of the control
sequence has been denoted in an iteration . For the other

13
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it e ra to r  express ions , ( ri #TH , I/FIRST, I/LAST, I/FOR—ALL , P
I/THERE—EXISTS) the termination condition is reached just after
the evaluat ion of the iterated clause first (F!th for n#TH)
yields <true). Thus it may be the case that not all elements
of the control sequence are used as the denoted value. Since
side effects may occur as the result of any evaluation of the
iterated clause , this term inat ion rule ma y be significant in a
SEMANOL (76) specification .

It is possible for an iterator to result in an <error> in ’

the followin g ways: (1) the expression evaluation(s) in the
control clause yield values ina pp ropriate for the iterator , (2)
e v a l u a t i o n  of the iterated clause yields <error> , and (3)
evaluation of’ the iterated clause yields a non—logical value
(i.e., neither <true> nor <false> ).

J. SEMANOL (76) Parameters

In thi s reference manual , no prov is ion Is made for
parameters which depend upon a particular SEMANOL(76) language
processor . (Such parameters as bits—per—word and
max imum—precision—of—multiply are common for other implemented
languages). Most parameters which can be simply characterized
are introduced into programming language semantics to allow for 

—

certain space and time optimizations. However , the theoret ical
and practical expository benefit of’ suc h parameters in a
metalan guage is quite doubtful. For this reason , we have
adopted certain principles.

First , ever y SEMANOL (76 ) pro gram shou ld be wr itten as if
there were no restr ictions upon the resources available to
represent any SF.MANOL (76) object , function , or rel ation. The
“offic ial” SEMAUOL(76) language is itself defined without such
restrict ions; any “official” SEMANOL(76) implementation will
p rocess the “offic ial” SEMANOL (76) language. However ,
unofficial implementations may be useful , especia lly if the
follow ing rule is applied: all limitations will be expressed in
terms of a (lar ge) class of objects rather than in terms of
particular objects. For example , it may be usefu l to limit the
maximum total num ber of string characters in use at any point
in the execution of a SEMANOL (76) program , but it is muc h less - 

- 
-

usefel to limit the length of individual strings (by, for
- 

- exam p le , imposing a limit on the size of numeral str ings as
arguments of numeric operations ).

Note  that  there  is no theoretical reason that such
constraints cannot be stated more precisely (by, for exam ple ,

14
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assigning a resource requirements  measure to each SEMANOL ( 76 )
keyword expression , and de f in ing  the effect of’ each SEMANOL( 76 )
operator cond i t iona l ly  upon the a v a i l a b i l i t y  of Its required
resources) ;  however , we feel this  to be unnecessary at present.
Also , even in the presence of’ limited SEMANOL(76)
implementations , we believe that SE M A N O L ( 7 6 )  programs should be
w r i t t e n  as It’ such cons t ra in t s  were not present at a l l .

fr.
I I

ii
S I
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III. Description of SEMANOL(76)

This chapter consists of detailed de f in i t i ons  of the
H SEMANOL ( 76 )  program constructs .  The organizat ion follows a

“to p—down ” grammar for the SEMANOL ( 7 6 )  language .

A. Format

The text of this chapter in sections , each consist ing of’ a
portion ~~~~ the SEMANOL ( 7 6 )  grammar , followed by a series of
(Keyword schema , exp lana t ion ) pairs for the Keywords just
introduced in the grammar. The sections of the text have the
following form :

Portion of the grammar

Keyword schema

Explanation ; I.e., a description of the result
produced by evaluating a keyword expression
havin g the format of the keyword schema .

Next keyword schema

Next result description .

etc. H

(Sometimes general discussions of complex points are
interspersed wi th  the (Keyword schema , explanation) pairs.)

16 

~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~ 
._ - _ - . _ 1 _ ~~~~A _ .  - ~~_~~____t t —.— _a~_ ~~~~~~~~~ _ -_ ~___~ ~~ - --•— ---—



ii— _ _ _

SEMANOL(76) Reference Manual

III. Description of SEMANOL(76)

B. Conventions and notation

The conventions used in this chapter are derived from those
in Chapter II: If x is a meta variable standing for a
SEMANOL(76) expression , then

~ stands for the value of the expression , and

if’ x is a constant ,

~ stands for the object denoted by x.

There are certain special meta constants used to denote
special SEMANOL(76) objects:

<true> mean ing the boolean value , true;

<false> meanin g the boolean value , false;

(n il> meaning the empty string; H

<n ilseq> meaning the empty sequence.

We also use <error> and <stop> to indicate invocation of
the error and sto p functions res pective ly , which terminate the
evaluation process; the error function also causes an error H
indication to be written on the standard error file.

— The notat ion “B [xJ” is used in the description of’ the high
level iterator keywords to designate the iterated Boolean

— expression B with every occurrence of the dummy variable name
replaced with x , a constant for an object ~~~.

A SEMANOL(76) object is said to be string convertible If it
isa
string or a parse tree node.

If x denotes a string convertible object , ~~, then the
“string value of x” is ~ If’ ~ Is a string, and the string ofterminals corresponding to ~~, if ~ is a parse tree node.

Some SEMANOL(76) constructs are defined in terms of others .
In some result descriptions for keyword schemata certain
conditionals will be written as SEMANOL (76) expressions for’
precision or clarity , and they are said to hold if , when
evaluated , they would return <true>. For example , the

17 
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expression “a b” is written instead of’ ~ equals ~ because it
is more precise —— it means evaluate the expression “a b”
according to the SEMANOL (7 6)  evaluation rules , and if’ the -

1 result is <t rue>  then the condition ~ equals ~ is assumed to 
- -

• i hold and the condition is sat isf ied .

t
~1 

,
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C. Definitions

“a * * * * * * * * a a * a a a a a a a aa a * * a a *

SEMA NOL(76) Program Structure

#DF SEMANOL—76-program

~> <gap> <Declaration—section>
<Optional—context-free—syn tax> <gap>
<Control—section>
<Optional—semantic--definition—section> <gap>

:> <gap> <Declaration—section>
<Optional—context—free—syntax> <gap>
<Semantic—definition—section> <gap>
<Control—sect ion> <gap> # .

#DF Optional—context— free—syntax

:> <#NILSET> I/U <<gap> <Context—free—syntax>> #.

#DF OptIonal—semantic—defInition—section

:> <#NILSET> I/U <<gap> H
<Semantic—definition—section>> #.

A SEMANOL(76) program may contain four sections , each
consisting of a sequence of basic constructs.

The “Declarations section” consists of’ a collection of
declarations , by which “Syntactic components ” and “Global
variables ” can be identified .

The Context free syntax sectio~ contains a collection of’

19 ~~~~~~
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Syntactic definitions, which are used to specify an (almost)
context free grammar for a language (i.e. a set of strings)
over the ASCII character set. Actually , several possibly
independent grammars can be included in this section . Each
syntactic definition serves to identify a set of strings with a
Syntactic class name, which can then be used in several ways in ‘ 

- 
-

SEMANOL(76). Any syntactic class name may be used as the start
symbol for a grammar.

The Semantic definitions section contains Semantic
defInitions, which are operationally similar to function
declar~tions in other programming languages. Semantic
definitions consist of a Semantic definition name followed by
an optional Dummy oprameter list followed by a Semantic
definition body. A semantic definition may be functional or
Drocedural; i.e., it specifies the selection of a SEMANOL (76)
expression which is to be evaluated (functional), or it
specifies a sequence of’ Statements which are to be executed in
order (Drocedural) . Semantic definitions may be directly or

- - indirectly recursive .

The Control section contains a list of’ statements exactly
like those in procedural semantic definitions; the statements
are to be executed in order. Statements may contain semantic
definition references within them -— in most reasonable
SEMANOL(76) programs at least one statement will have such an
imbedded reference . At least one such statement must appear
here to begin the interpretation . In practice , several are
use d to spec ify the major ste ps in the inter pretation of a
program in the object language .

The Context free syntax section and the Semantic
Definitions section are optional. The Declarations section may
be empty . Thus the only absolutely required section of a —

SEMANOL(76) program is the Control section .

20
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ta * a a * a a a * * * a a a * a a * a * a a * *

Declarat ions

aa*a *aa *a **aaaaa *a *a*a *a ”

#DF Declaration-section

=> <%<Declaration>> S. 
—

#DF Declaration

~> <Declare—syntactic—components>

~> <Declare—global—variables> #.

The “Declarations section” consists of’ a collection of
declarat ions , by which “Syntactic components ” and “Global H
variables” can be identified .

#DF Declare—syntactic—components

=> <‘ -#DECLARE—SYNTACTIC—COMPONENT ’> <gap> <‘ :‘>
<gap> <Semantic—definition—name> <gap> <%<<Comma>
<gap> <Semantic—de finition name> <gap>>> < ‘#. ‘>
S.

Certain semantic definitions may be declared to be I
A

• “syntactic components ” by having their names listed in a
declarat ion of’ this type. To appear in such a declaration , a
semantic definition must have these properties: (1) it must
take exactly one argument , (2) it must in no way depend upon
any global variable or hidden input variable , or external
funct ion . This last qualification is a static one —— i.e., (1)
no reference , whether or not it is actually executable , may

21 
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appear to a global variable , or to “I/INPUT” or to
• “I/EXTERNAL— CALL—OF”; nor (2) may any semantic definition

reference appear to a semantic definition which violates this
qualification (parts 1 & 2).

Any reference to a syntact ic com ponent def init ion must be
evaluated to have a parse tree node as the actual argument; if
not , the result of the reference is <error>.

Thes e restrict ions are suff ic ient to guarantee that the
evaluation of a syntactic—component reference can only involve
the composition of SEMANOL functions upon (1) SEMANOL(76)
object constants and (2) the par se tr ee conta ining the actual
argument node . This implies that the result of every syntactic
componert is a funct ion of the pa rse tree of the actual
argument node , and therefor e is truly syntact ic in nature .

Furthermore , the evaluation of all references to a
particular syntactic—component with a particular node argument
will return identical results.

Therefore , an optimization of’ the evaluation of SEMANOL(76)
syntactic—component references is possible: for every
(syntactic—component , actual node) pair the normal evaluation
rules need be followed only once to produce a result value;
t h e r e a f t e r  a sim ple tab le looku p can be use d to determ ine th e
result value. This concept is implemented by associating with
each no de on a parse tr ee a potent ial list of pairs , each of
the form : (s , ~~),  where s is the semantic definition name of a
syntact ic com ponent and ~ is the unique result value of
evaluating any reference to the named syntactic—component with
the node as argument. A pair (s, v) is added to the list as a
side e f f e c t  of the f irst  suc h eva lu a t i on of a re fe rence  to
syntact ic component , s, with the node as argument ; every
subse quent reference to syntact ic com ponent , s, w ith the nod e
as argument w ill be evaluated by search ing the list of pa irs
for (s , ~~) and returning the value ~~~~. 
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#DF Declare—global—variables

> <‘I/DECLARE—GLOBAL’> <gap> <‘ :‘> <gap> <Name> <gap>
<%<<Comma> <gap> <Name> <gap>>> <‘S. ’> S.

An abbreviation for the two basic assignment operators is
ava ilab le in SEMANOL (76) , using “declared global variables” . A
receiv ing string which has the syntax of a SEMANOL(76) “name ”
may be declared a global variable. Then it may appear in a
(semantic) expression ; it may also appear as the assigned—to
var iab le immediately after the “#ASSIGN—VALUE !” of a
SEMANOL(76) assignment statement.

If a declared global variable name (say x) appears in any
(semantic) expression it is an abbreviation for the semantic Hr
ex press ion “#LATEST—VALUE( ’x ’)” . The statement “#ASSIGN—VALIJE!
x Semantic—ex pression ” is an abbreviation for the statement —

“I/COMPUTE ! #ASSIGN—LATEST-VALUE (‘x ’, Semantic—ex pression)” .

23
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— ua***** ,aaa***a***a*aa*a*

Control Statements

#DF Control—section

=> <‘ #CONTROL—COMMANDS ’> <gap> <‘ :‘> <gap>
<% 1<<Compound—statement> <gap>>> <‘S. ’> S.

The “Control section ” conta ins a list of statements exactly
like those in procedural semantic definitions ; the statements
are to be executed in order. Statements may contain semantic
definition references within them —— in most reasonable
SEMANOL(76) programs at least one statement will have such an
imbedd ed reference. A t least one suc h statement must appear
here. In practice , sever al are use d to spec ify the major ste ps
in the interpretation of a program in the object language.

Execut ion of a SEMANOL(76) program begins with the first
statement in the Control section . When execution of’ that
statement is com p let ed the next sequential statement is
executed; execution proceeds in this sequence unless the
statement list is exhauste d , in wh ich case execution terminates
with a standard error message .

Note that t he “RETURN—W ITH—VALUE !” statement is not
syntact ically di sallowe d in the Control sect ion , but may not be : -

executed in the Control section ( any attempt to do so will
produce an <error> ) .

24 
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#DF Compound—statement

~> <For—statement>

:> <‘I/WHILE’> <gap> <Boolean—expression> <gap>
<‘I/DO’> <gap> <Compound—statement>

> <‘I/IF’> <gap> <Boolean—expression> <gap>
<‘I/THEN’> <gap> <Compound—statement>

:> <‘I/BEGIN’> <gap> <Compound—statement> <gap>
<%<Compound—statement> <gap>>> <‘SEND’>

~> <Simple—statement> S.

#DF For—statement

=> <For—all—clause> <gap> <‘I/DO’> <gap>
<Compound—statement> S.

— #DF For—all—clause

> <‘I/FOR—ALL’> <gap> <Name> <gap> < ‘#IN’> <gap>
<Sequence—expression>

> <‘I/FOR—ALL’> <gap> <Name> <gap> <‘ :‘> <gap>
<<Bounded—interval> I/U <Unbounded—interval> ) S.

- 
— #DF Bounded—inter~al

~> <String—expression> <gap> < ‘(~~‘> (gap> <Name>
<gap> <‘<~~‘> <gap> <String—expression> S.

#DF Unbounded—interval

=> <Strin g—expression> <gap> < ‘ < = ‘> (gap> <Name >
S.

I/FOR—ALL x I/IN s #DO c

<error> if S is not a sequence .

Otherw ise: perform the following steps in order.

25 
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(1) Construct a new dummy variable named x , with
sco pe exten d ing throughout c. Construct a
new dummy variab le named sx , with no scope.

H Evaluate s. Assign S to sx.

(2) If S is <nilseq> , the empty sequence , go
immediately to the statement following c.
(Halt on <error> if there is no following
statemen t .) Ot herw ise ,

(3) Assign first element in S to x; Assign tail
of Sx to sx. [Note: tail of Sx is given by
#TERMINAL—SUBSEQ—OF-LENGTH (#LENGTH(sx) — 1)
I/OF sx”.]

(1$ ) Execute Com pound—statement C; go to 2.

I/FOR—ALL x: a < x < b I/DO c

I/FOR—ALL x: a < = x I/DO c

<error> if “a I/IS—NOT I/INTEGER” or ( i f ’  b is
given) “b I/IS—NOT I/INTEGER”.

Otherw ise: perform the following steps in order

( 1 )  Cons t ruc t  a new dummy va r i ab l e  named x , wi th
scope extending throughout c. Evaluate a
and assign 5— 1 to x. If b is given ,
evaluate b and save ~ for later use.

(2) Assign ~-i- 1 to x. If b is g iven , and if ~ >

~ , go imme diately to the statement follow ing
c. (Halt on <error> if there is no
following statement.) Otherwise ,

(3 )  Execute com pound statement , c; go to 2.

I/WHILE b I/DO c

Perform the following steps in order.

( 1 ) Evalua te b

(2) If b is <true> , then execute com pound
statemen t, c and then go to step 1.

(3 )  If b is <false> , go Immediately to the
statemen t following a. (Halt on <error> if

26 
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there is no following statement).

• (4) Otherwise , halt on <error>.

I/IF b I/THEN s

If’ “b I/E Q I /TRUE ” , execute Compound—sta tement  s.

If “b SEQ I/FALSE”, proceed to the statement
following s. (Halt on <error> if there is no
following statement.)

Otherwise , halt on <error>.

I/BEGIN si s2 ... sn I/END

Compose the block of statements sl ,s2,.. .,sn into
a single Compound—statement .

Execut ion of’ the compose d block proceeds by
execut ing s l ,s2,. .. ,sn in order.

I/OF Simple—statement

:> <‘I/ASSIGN—VALUE’> <gap> < ‘f’> <gap> <Name> H
<gap> <‘ :‘> <gap> <Expression>
:> <‘I/COMPUTE’> <gap> < ‘1’> <gap> <Expression>

:> <‘I/RETURN—WITH—VALUE’> <gap> <‘I’> <gap>
<Expression> S.

I/ASSIGN-VALUE! a e

Note: a must be a declared global variable , and e 
-

•

must be a semantic expression .

Evaluate semantic expression e, ass ign result ing
object to declared global variable a.

This statement is an abbreviation for “I/COMPUTE!
#ASSIGN—LATEST—VALtJE(’a’,e)” .

27
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I/COMPUTE! e

Evaluate semant ic expression e.

I/RETURN—WITH—VALUE! e

<error> if this statement is executed in the
control section.

I 

- 
Evaluate e. Terminate evaluation of the
procedural semantic definition containing this
statement , returning ~ as the value of the

- 
- semantic definition reference.

- -—-
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“aa *aaa a*eaaa** ,*a**aaa**

Syntactic Definitions

a **a *aaa *aa aa *aae aaa **aat ~

I/DF C o n t e x t — f r e e — s y n t a x

:> <‘I/CONTEXT—FREE—SYNTAX’> <gap> <‘ :‘> <%<<gap>
<Syntactic—defin ition>> S.

The “Context free syntax section ” conta ins a collect ion of
“Syntact ic definitions” , which are used to specify an (almost)
context free grammar for a language (i.e. a set of strings)
over the ASCII character set. Actually , several possibly
independent grammars can be included in this sect ion.

SDF S y n t a c t i c — d e f i n i t i o n

=> < ‘#DF’> <gap> <Syntactic—class—name) <gap>
<% 1 << ’:>’> <gap> <Syntactic—expression> <gap>>
<‘ S. ’> S.

#DF Syn t ac t i c—cla s s—name

~> <Name> I.

Syntactic definitions serve as the productions of (one or
more ) grammars collected in the Context free syntax section .
Each syntact ic definition serves to declare the syntactic class
name (or syntactic definition name) for use in the remainder of
the SEMANOL(76) programs . For purposes of explication , we will
speak of the grammars in this section as generative grammars:

29
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i.e., the syntactic definitions represent rules for the
construction of possibly infinite sets of strings (languages).
In fact , the grammars are used in SEMANOL(76) as recognition
grammars , or parsing grammars , and are employed in the
semantics of the “CONTEXT—FREE—PARSE—TREE.. .“ operator , and
certain membership re la t ions  discussed below .

The terminals of SEMANOL(76) syntact ic expressions are the
strings specified by the syntactic set constants discussed
below . SEMANOL(76) syntactic expressions need not be grounded;
an expression is not grounded if by using the standard
rewriting algorithm for grammars (see Appendix A) , one cannot
reduce the expression to a string of terminals. However , any
such expression cannot be employed in the successfu l parse of a
string using the “I/CONTEXT—FREE—PARSE—TREE” operator. There is
one ungrounded syntactic set constant: #EMPTYSET .

Each syntactic class name or syntactic definition name is
then associated with a possibly infinite set of strings , called
a syrtact ia class , by virtue of the syntactic definition which
declares the syntactic class name . Each such syntactic
de f in i t i on  has the form :

#DF c => bi

=> b2

:> b3

=> bn Ii.

where the c is a synta ct ic def init ion name , and the bi are
syntactic expressions. The name c is then associated with the
syntactic class formed by taking the union of the sets ~ 1 , ~2,
..., ~n , represented by the corresponding syntactic
expressions .

It is assumed that any str ing x in the set , ~~, associate d
with c is in exactly one of the sets ~i. If this is not so
(i.e., x is in more than one ni), the definit ion of c is said
to be ambiguous. Ambiguity is checked for only when parsing or
recognizing a given string, as described above. Thus a grammar
may ‘e ambiguous , wh ich is not considered legal in SEMANOL (76),
but that fact may not be detected during the execution of the
SEMANOL(76) program. A precise definition of ambiguity is

30
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given in Appendix A.

#DF Syntactic—expression

~> <Syntactic—term> <%< <gap> <‘I/U’> <gap)
<Syntactic—term>>>

=> <Syntactic—term> (gap> <‘ -ItS— ’> <gap> ~
<gap> <String> <gap> (%<<Comma> (gap> <String>
<gap>>> <‘>‘> S.

#DF Syntactic—term I .
=> <Syntact ic—primary> <%(<gap>
<Syntactic—primary>>>

:> <‘ ( ‘ >  <gap> <Syntactic—expression> <gap> <‘)‘>

=> <Syntactic—class—name>

=> < ‘ % ‘ >  <gap> <‘1’> <gap> <Syntactic—primary>

=> < ‘ % ‘ >  <gap> <Syntactic—primary>

=> <Syntactic—set—constant> S.

a #ii b

The union of the sets S and ~~.

a #S— <‘ sl’ ,’s2’,....,’sn ’>
The set of strings obtained by removing the
strings, sl ,s2,.. .,sn from S.

<b l><b 2>...<bn>

The set concatenat ion of fl sets of strings ,
~~~~~~~~~~~~~ i.e., the set of strings fa: a
“ala2...an ”, and “al” is in ~1 , and “a2” is in
~2, . . .,  and “an” is in bn}.

(e)

1 31
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The set , S , also designated by the S E M A N OL ( 7 6 )
syn tac t i c  expression , e.

The Kleene—sta r  set , ~~~~ That is, the set which
- I  might be designated by the infinite

SEMANOL(76)—l ike syntactic expression , “#NILSET
I/U <b> I/U <b><b> I/U ... “.

H- %l <b>

The subset of the Kleene—star set , ~~‘, found by
removin g the empty string, <nil>.

I/DF Syn tac t i c—pr imary

:> < ‘< ‘ > <gap> <Syntactic—expression> <gap> < ‘ > ‘ >

:> < ‘ < ‘>  <gap> <String> <gap> (%<<Comma > <gap>
<String> <gap)>> < ‘> ‘> S.

#DF Syntactic—set—constant

:> < ‘I/ASCII’>

:> <‘I/CAP’>

:> < ‘ # D E C N U M ’)

~ > < ‘I/DIGIT’>

:> <‘#EMPTYSET’>

=> <‘I/GAP’>

~ > <‘I/LETTER’>

=> <‘#LOWCASE’>

:> <‘SNAT—NOS’>

:> < ‘#NILSET’>

> < ‘#SPACESET’> I.

32
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P~
• <e)

The set , ~~, also designated by the SEMANOL (76)
syntact ic expression , e.

I/ASCII

The set of’ all ASCII characters.

I/CAP

The set of all ASCII capital letters , A through
z.

I/DEC NUM

The set of ASCII strings formed by followin g an
optional plus or minus sign by one or more

• digits. That is, the set also given by the
SEMANOL(76) syntactic expression “<#NILSET I/U
< ‘ + ‘ , ‘ — ‘>> <% 1 <I/DIGIT>>”. (see the discussion
of the “CONTEXT—FREE—PARSE-TREE. . .“ operator ,
below -- especially Section 2. —- , for a more
detailed discussion of constraints on the use of
this set constant.)

I/DIGIT

The set of ASCII decimal digits , 0 th rough  9 .

S EM P T YS ET

The set containing no elements.

I/GAP

The set consisting of strings of 0 or more ASCII
blank characters ; except that the empty string,
<nil> , is exclu ded in alphanumer ic left and right
contexts. (Here we are speaking of syntactic set

- - constants in terms of generative grammars; see
Appendix A , Section 2, for a more detailed
discussion of constraints on the use of this set
constant.)

_
_ _ _
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I/LETTER

The set of all ASCII capital and lower case
letters , A through Z, and a through z. That is,
the set also designated by the SEMANOL(76)
syntactic expression “<I/CAP I/U SLOWCASE>” .

• #LOWCASE

The set of’ ASCII lower case letters , a through z.

I /NAT —NOS

The set consisting of strings of’ one or more
ASCII digits. That is, the set also designated I —

by the SEMANOL(76) syntactic expression “<%1
<I/DIGIT>>”. (see Appendix A , Section 2, for a
more detailed discussion of’ constraints on the
use of this set constant.)

#NILSET

The set consisting of the null string.

#SPACESET

The set consisting of the single ASCII blank
charac te r .  I :

<sl ,s2,...,sn>

The set , {S1 ,~ 2,...,Sn)- , of strings of ASCIIcharacters

~ 
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, ,* * * * * * * * * *,* , ,* * * *,* * * * *

Semantic Definitions

** *1** ** * * * ***

#DF Seman t i c—def in i t ion—sec t ion

=> <‘I/SEMANTIC—DEFINITIONS’> <gap> <‘ :‘> <%<<gap>
<Semant ic—definition> )> S. -

f

The “Semant ic definitions section ” conta ins  “Semantic
definitions ” , which are operationally similar to function
declarations in other programming languages. Semantic
definitions consist of a “Semantic definition name” followed by
an optional “Dummy parameter list” followed by a “Semant ic
definition body ” . A semantic definition may be “funct ional”
or “procedural” ; i.e., it specifies the selection of’ a
SEMANOL(76) expression which is to be evaluated (“functional”),
or it specifies a sequence of’ “Statements ” which are to be
executed in order (“ procedural”). Semantic definitions may be
directly or indirectly recursive .

#DF Semant ic—definition

=> <Funct ional—definition>

> <Procedural—definition> S.

- 
- . #DF Functional—definition

=> <Simple—definition )

=> <Definition—by—cases> I. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Semantic definitions are invoked by evaluat ing “semant ic
def in i t i on  re fe rences” , of the rorm “c(al ,...,an)” or
“($al ,. ..an$)c” , where c is a semantic definition name , and the
ai are SEMANOL(76) semantic expressions in an optional “actual
argument expression list” . The sequence of steps for
evaluat ing a semant ic definition reference is as follows:

(1) Evaluate the actual argument expressions in the semantic
def inition reference , from left to right (if there are any).

(2) Find the corresponding semantic def i~ition (if there isnone , halt on <error>). Construct nuw local (formal parameter)
variables , given the formal parameter names (if there are any).
If the number of values does not equal the num ber of parameter
variables, halt on <error>. Assign the values of the argument
expressions to the formal parameter var iables (if there are
any).

(3) (a) If the semant ic definition name has not been declared
a syntactic component name in the declarations section , then do
(c); otherwise do (b).

(b) If the first actual argument value is a parse tree
node , n , and if the syntactic componen t pair , (c,~~) is attached
to n , i becomes the result value , which is the value of the
semant ic definition reference . Otherwise , do (c).

(c) Evaluate the semant ic definit ion body as described in
(14 ) below , giving a result value which is the value of the
semant ic definition reference. If the semantic definition has
been declared a syn t ac t ic com ponent , and if’ the first actual
argument value is a parse tree node (which has no syntactic
com ponent pair (c ,~~) a t t ac hed ) ,  then attach to the node the
pair (c,fl) where !J. is the result value.

(14) This step is described in detail in the discussions below
for each type of semantic definition.

#DF Simple—definition

:> < ‘ I / O F ’ >  <gap> < D e f i n i e n d u m >  <gap>

~L~• .~~~~~~~~~~~~~
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<Unconditional—definiens) <gap> < ‘ #. ‘>

I/OF Definiendum

=> <Semantic— definition—name> <gap> < ‘ ( ‘ >  <gap>
<Formal— param—name> <gap> <%<<Comma> <gap>
<Formal— param—name> (gap>> <‘)‘)

=> <Semantic—definition—name> S.

#DF Semantic—definition-name

=> <Name> S. $ 1

#DF Formal—param—name

=> <Name> S.

I/OF Unconditional—definiens

~) <‘ = > ‘ >  <gap> <Expression> S.
7

The form of a simple definition is

#DF c (pl ,...,pn) => expr S.

where the a is the semantic definition name , and p1 through pn
are formal parameter names in an optional formal parameter
list , and expr is a SEMANOL(76) semantic expression possibly
containing formal parameter names , and also possibly conta i nin~
semantic definition references (though normally not to c
itself, as this would almost surely be a circular (ungroun ded )
recursion).

U~~n evaluation of a semantic definition reference
corresponding to definition a, the evaluation sequence
described above would be invoked , usin g step (14 ) below:

~~~ (14) The result value of the simple definition body is
simply obtained by evaluating the unconditional definiens. “

Note that any appearance of a formal parame ter name in the
unconditional definiens has , as its value , the value assigned
in step (2) of the evaluation sequence above.

_ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~ . ----- - -- -~~~~~~-~ -~~~~~_~~~~~~~ 
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I/OF Definition—by—cases

=> <‘#DF’> <gap> <Definiendum> <gap>
<%<<Con ditional—definiens> <gap> <‘ ;‘>< gap>>>
<Conditional—definiens> < ‘ #. ‘>

~> <‘ #DF’> <gap> <Definiendum> <gap> <%1
<<Con ditional—definiens> <gap> <‘ ;‘) <gap>>>
<Uncondit ional—definiens) <‘I/OTHERWISE’> #.

— I/OF Conditional—definiens

~) <‘ = > ‘ >  <gap> <Expression> <gap> <‘I/IF’> <gap>
<Boolean—ex pression> S.

H The form of a de f in i t ion-by-cases  is

I/~~F c (pl ,...,pn)

fr~ 
II

> expr— 1 I/IF cond— 1 ; ; -

> exp r—2 I/IF cond—2

=> ex p r —n I/OTHERWISE S.

where n > 1 , and where the parameter list and the last
defin iens are optional. (If the last definiens is mi~~ ir.~~, a
definiens of’ the form :

“ >  I/ERROR I/OTHERWISE”

is assumed.) The value expressions , expr-i , and the
conditional expressions , cond— i , may contain forma l parameter
names and semantic definition references to any semantic
definitions (including c).

Upon eva lua t ion  of a semant ic  d e f i n i t i o n  re fe rence
corresponding to definition c, say , the evaluation sequence
described above would be invoked , using step (14 ) below .

38 ~~~~~~~~~~~
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~~~ (It) The evaluation of’ a definition—by—cases body proceeds
as follows:

Evaluate the conditional expressions , in order, unt il a
non—<false> result is obtained , say , for cond—j . If the value
of cond—j is not <true> , then halt on <error>. Otherwise ,
evaluate the corresponding value expression , expr—j, thus
producing the result value (evaluation of the body thus
completing).

If <false> Is the value obtained for all conditional
expressions , then the value expression expr—n in the
#OTHERWISE—definiens is evaluated to produce the result value.
(Here an implicit “=> I/ERROR I/OTHERWISE” definiens is assumed
if there is no explicit #OTHERWISE—definiens , and in this case ,
an <error> halt would ensue.) ~~~

#DF Procedural—definition

~> <‘#PROC—DF’> <gap> <Definlendum> <gap>
<Com pound—statement> <gap>
<%<<Com pound—statement> <gap>>> < ‘ # . ‘> S.

The form of a procedural definition is

— #PROC—DF c(pl ,...,pn)

si

sn S. (n > 0)

where the parameter list is optional and the si are
Compound—statements. The expressions in the si may contain
formal parameter names , and semantic definition references to
any semantic definitions (including c).

39 p
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•

Upon evaluation of ~ semantic definition reference 
-

corresponding to def in i t i on  a , say , the evaluat ion sequence
described above is invoked , using step ( I t )  below : 

-

•“ (U The eva lua t ion  of the procedural  de f in i t i on  body
proceeds by execut ing the compound s tatements  si through sn , in
order , according to the rules described above in the discussion
of the cont ro l—sect ion . ‘~~~

If evaluat ion  ever produces a resul t  value , it does so by
executing the “RETURN-WITH—VALUE !” statement (again described I

above in the discussion of the control section).

I -

•~ 
I
.

’ 1
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Expressions

-

- 
I

SE M A N O L ( 7 6 )  expressions are composed from keyword
expressions , and each of the keywords has a preceu~~~~ ~~r
evaluation as given in the grammar used in the following pages. 

#DF Expression

:> <B oolean—express ion>

=> <‘I/STOP’>

- 

~ > < ‘ I / E R R O R ’ >  S.

I/STOP

<stop>; when this keyword is evaluated , the
execution of the SEMANOL(76) program terminates.

I/ERROR

- 

- <error>; when this keyword is evaluat’~d , the
- 

-
~~ execut ion of the S E M A N O L ( 7 6 )  pr ogram te rmina tes

- with a standard error message.

-j  H

41 
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* * * * * * * * * a * * * * * * * * * * * * * *
Boolean Expressions

* * * a * * a * * * * a * a * a * * * a a * a a”

#DF Boolean—express ion

~> <Im plication> <%< <gap> <‘51FF’> <gap>
<Implication>>> S.

#DF Implication

> <Disjunction> <%< <gap> <‘I/IMPLIES’> <gap>
<Disjunction>>> 5.

#DF Disjunction

=> <Con junction> <%< <gap> <‘I/OR’> <gap>
<Con junction>>> S.

#DF Conjunction

~> <Negation> <%< <gap> <‘&‘ ,‘#AND’> <gap>
<Negation>>> I.

#DF Negation

~> <Boolean— primary>

=> < ‘I/NOT’> <gap> <Boolean—primary> S.

I/OF Boolean— primary

=> <Relational—ex pression>

:> <Sequence—expression> S.

1
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a #IFF b

<true> if’ (S <true> and b = <true>) or (S
<false> and b = <false>)

<false> if’ (S <false> and b = <true>) or (S
(true> and ~ = < f a l s e >)

<e r ro r>  o therwise.

a I/IMPLIES b

<true> if S = <false> or b <true>;

<false> if S <true> and b = <false>; )
<error> otherw ise.

a I/OR b

<true) if S = <true> or b <true>;

<false> If’ A <false> and b = (false>;

<error> otherwise.
.1 -

a #AND b

a & b

<true> if S = <true> and b = <true>;

<false> if S <false> or ~ = <false>;

<error> otherw ise.

#NOT a

<false> if S <true>;

<true> if S = <false>;

<er ror>  o therwise .

43
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Re la t iona l  Expressions

***a***a**a*aa*a***a*a*a”

#DF Rela t iona l—express ion

=> <Membersh ip—relation>

=> <Case— identification>
7

=> <Subword—relation>

=> <Precedes—relation>

=> <Quantifier—relation>

— 
=> <Equality—relation>

=> <Ar ithmetic—inequality> 5.

The SEMANOL(76) relations are really characteristic
functions which return the value <true> if’ the arguments are
mem bers of the relat ion , <false> if the arguments are not in
the relation but are acceptable to the function , and <error> if
the arguments are not acceptable to the fun.ction .

#DF Membersh ip—re la t ion

=> <Type—identification>

=> <Character— identification>

144
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=> <Syntact ic—class—membership>

=> <Sequence—membership> S.

I/DF Membersh ip—opera to r

=> < ‘I/IS’>

=> <‘I/IS— IN’>

:> <‘ -I/IS—NOT’>

=> <‘I/IS—NOT— IN’> S.

H The four types of’ membership relation are distinguished
according to the second operand expression , b; b must be either
a ty pe des ignator , a character set constant , a union of

- - syntactic class references or a sequence expression . If b is
not one of these kinds of ex press ions , then “a I/IS b” produces
<error> when evaluated .

The mem bership relations all have one of’ the fo l lowing
forms :

“a I/IS b”
“a I/IS—NOT b”
“a I/IS—IN b”
“a I/IS—NOT—IN b”

Since the other three forms are comp letely def inab le in
terms of the I/IS—expressions , we shall do so here . The rest of
the membership relat ions will be descr ibed only for the
I/IS—expression .

a I/IS—IN b

Synonymous with “a I/IS b” ; that is ,

<true> (<false>) if and only if “a I/IS b”
evaluates to <true> (<false>);

<error> otherw ise.

a I / IS—NOT b

Synonymous with “#NOT(a I/IS b)” ; that is

• 
_ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  _ _
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< t r u e>  (< f a l s e> )  if and only if “a I/IS b”
evaluates  to < fa l s e >( < t r u e >) ;

<er ro r>  otherwise .

a I / IS—NOT—IN b

Synonymous wi th  “a I/IS —NOT b” ; that is

<t r u e >  (< f a l s e >)  if’ and only If’ “a I/IS b”
evaluates  to < f a l s e> ( < t r u e >) ;

<er ror>  otherwise .

#DF Type—identification

:> <Sequence—expression> <gap> I 
-

<Membership—operator> <gap> <Type> S.

I/OF Type

=) < ‘ I / U N D E F I N E D ’ >

=> <‘ #BOOLEAN’>

=> < ‘I/SEQUENCE’>

F • => < ‘ I / N O D E ’ >

= > < ‘ I / S T R I N G ’ >

=> < ‘ I / I N T E G E R ’ >

=> < ‘ I / B I T — S T R I N G ’ >  S. 

H [ALSO SEE: Chapter II , Section C. “SEMANOL(76) Data Types”]

a I/IS I /UNDEFINED

<true> if S is <undefined>;

<false> otherwise.
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a I/IS #BOOLEAN

<true> if S is either <true> or <false>;

<false> otherwise.

a I/IS I/SEQUENCE

<true> if S is a SEMANOL(76) sequence object ;

<false> otherwise.

a I/IS ~NODE

<true> if a is a SEMANOL (76) parse tree node ;

<false> otherwise.

a I/IS I/STRING

<true> if S is a SEMANOL(76) string object;

<false> otherwise.

a I/IS I/INTEGER

<true> if S is a string which satisfies the
syntax for a SEMANOL(76 ) integer constant (c.f.,
the grammar for <Integer-constant> below).

- - <false> otherwise.

a I/IS I/BIT-STRING

<true> if A is a string which satisfies the
syntax for a SEMANOL(76) bit string constant
(c.f., the grammar for <Bit—string—cons tant>
below).

<false> otherwise.

I/OF Character—identification

=> <Sequence—expression> <gap>
<Mem bership—operator> <gap> (Set—constant> S.

~ 

~~~~~~~



~~
— -IT~~~~~~T1_ TI

SEMANOL( 76 )  Reference Manual

I II .  Description of’ SEMANOL ( 76 )

#DF Se t—constant

= > < ‘ I / C A P ’ >

=> <‘I/DIGIT’>

=> <‘I/LETTER’>

=> <‘ #LOWCASE’>

=> <‘ #SPACESET’> S.

a I/IS I/CAP

<error> if’ A is not s t r ing convert ible;

<true> if the s t r ing value of S is in the set of
ASCII capital letters , A through Z .

<false> otherwise.

a I/IS I /DIGIT

<error> if A is not string convertible;

< t r u e >  If the s t r ing  value of S is in the set of
ASCII decimal digits , 0 through 9.

<false> otherwise. - -

-

a I/IS I/LETTER

<error> if A is not string convertible ;

<true> if the s t r ing  value of S is in the set of
ASCII capital and lower case letters , A through
Z, and a through z;

<false> otherwise.

a I/IS #LOWCASE

<error> if S is not string convertible;

48 - - - -
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<t rue >  if the s t r ing  value of S Is in the set of
ASCII lower case letters , a through z;

<false> otherwise.

a I/IS—IN I/SPACESET

<error> if A is not string convertable;

<true> if the string value of A is the ASCII
blank character.

<false> otherwise.

#DF Syntactic—class—membership

=> <Sequence—expression> <gap>
<Membersh ip—operator> <gap>
<Syntactic—class—union> # .

I/OF Syntactic—class—un ion

=> <Syntact ic—class—reference> <gap> <% < <gap>
< ‘ I / U ’ >  <gap > < Sy n t a c t i c — c l a s s — r e f e r e n c e > > >  S.

I/OF S y n t a c t i c — c l a s s — r e f e r e n c e

=> < ‘ < ‘ >  <gap > < Sy n t a c t i c — c l a s s — n a m e >  <gap > < ‘ > ‘ >

a I/IS < b i >

a I/IS < b i >  I/U <b2>

a I/IS < b i >  I/U <b2> I/U ... I/U <bn>

<error> if a Is not string convertible , or if’ the
bi are not syntactic class names appearing in the
definienda of syntactic defin itions ;

— CASE 1 : 5 is a node.

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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<true> if the syntactic class name label on the
node , A (cf , the discussion of the H
“I/CONTEXT—FREE—PARSE—TREE...” operator , below )
matches one of’ the syntact ic  class names , b i ;

<false> otherwise.

CASE 2: 5 Is a string .

<true> if there is an I <= n such that bi is the
first (reading from the left) syntactic class
name for a syntactic class containing the string
value of A , and if for all j ( 1 <= j <= I) the
grammars which have bj as their start symbol are
unambiguous with respect to A . If the grammars
for the bj’s include one which is ambiguous , the
value is <error>;

<false> otherwise.

NOTE: Here the SEMANOL(76) processor invokes the
I/CONTEXT—FREE—PARSE—TREE operator in order to - 

- -

recognize the string with respect to the grammars
“started” by each of the syntactic class names ,
bi , in order of increasing i.

I/OF Sequence—membership

=> <Sequence—expression> <gap>
<Mem bership—operator> <gap> <Sequence—expression>
S.

a I/IS—IN b

<error> if b is a SEMANOL(76) semantic
expression , and ~ is not a sequence ;

<true> if there is an integer I such that “i
5 TH—ELEMENT—IN b SEQ a “ holds;

<false> otherw ise.

50

— —--  - - —  - — - 
- 

-1:; ~~~~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- —~~~~~.,_. ,-____ -~~- - ~~~ -
--- - 

~~~~~~
-

~~~---- - —---- ~ —~~~~- ~~~~~— - - --~~~~~~~- --- V —- - ------

SEMANOL (76) Reference Manual

III. Description of SEMANOL(76)

#DF Case—iden t i f i ca t ion

> <Sequence—expression> <gap> (‘I/IS’ ,‘#IS—NOT’>
<gap> <‘I/CASE’> <gap> <Sequence—expression> <gap>
<‘I/OF’> <gap> <Syntactic—class—reference> S.

a I/IS I/CASE n I/OF <c>

<error> if “n I/IS—NOT I/INTEGER I/OR a I/IS—NOT
#NODE ” ho lds ;

< t r u e >  if “a I/IS a ” holds and if A is tagged with
the case number , £1 ( c . f . ,  the d iscuss ion of the
“I/CONTEXT—FREE—PARSE—TREE.. .“ operator , below);
tha t  is , node A was cons t ruc ted  by v i r t ue  of the
£~—t h de f in iens  in the syn tac t i c  d e f i n i t i o n  named

I

<false> otherwise.

a I/IS—NOT I/CASE n I/OF <c>

<t r u e >  ( < f a l s e > )  if and only if “a I/IS I/CASE n
I/OF c ” evaluates  to < fa l s e>  ( < t r u e > ) ;

<error> otherwise.

I/OF Suo~ord—relation

=> (Sequence—expression> <gap> <‘#IS’ ,’#IS—NOT’>
<g a p >  < ‘#SUBWORO’> <gap> <Sequence—expression>

=> <Sequence—expression> <gap> (‘#IS’ ,’#IS—NOT’>
< gap > <I/NODE—IN> <gap> <Sequence—expression> S.

a I/IS #StJBWORD b

--
~~~~~~~~~~~~~
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<e r ro r>  if A (or ~~) is not s t r ing convert ible;

< tr u e >  if’ A is a subst r ing of b (that  is , ~ =
“b l a lb 2 ” , where “b i ” , “a l” , and “b2 ” are s tr ings
—— possibly <nil> —— , and S “a l ” ) ;

<fa lse> otherwise .

a I/ IS—NOT I/SUBWORD b

<true> (<false>) if and only if “a I/IS I/SUBWORD
b” evaluates  to <fa l se>  ( < t r u e > ) ;

<error> otherwise.

a I/IS I/NODE—IN b

<error> if “a I/IS-NOT I/NODE I/OR b I/IS-NOT I/NODE”
holds;

<true> if ~ is the “root” node of a (su b ) parse
tree which contains S as a node;

<false> otherwise.

This is equivalent to “a I/IS—IN
I / SE QUENCE—OF—NODES—IN b” .

a I/ IS—NOT I /NODE—IN b

<true> (<false>) if and only if “a I/IS I/NODE—IN
b” evaluates  to < fa l s e>  ( < t r u e > ) ;

<error> otherwise.

This is equivalent to “a I/IS—NOT—IN
I /SE Q UENCE—OF—NODES—IN b” .

I/DF Precedes—relation

=> (Sequence—expression> <gap> <‘I/PRECEDES’)
<gap > < Sequence—express ion>  <gap> < ‘ I / I N ’ >  <gap >
<Sequence—expression>

=> <Sequence—expression> <gap>
< ‘ I / D O E S — N O T — P R E C E D E ’ >  <gap > < Sequence—express ion>

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~
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<gap> <‘I/IN’> <gap> <Sequence—expression>

a I/PRECEDES b SIN c

<error> if neither of the follow ing conditions
hold:  ( 1)  ~ is a sequence , or (2) 5, ~~~~, and ~ are
all nodes;

CASE 1 (~~ is a sequence )

<false> if S (or ~~) is not an element cf ~;

<true> if the ordinal position of the first
occurrence of A in ~ is less than the ordinal
posit ion of the first occurrence of b in ~ (i.e.,if “#ORDFO SI T a I / IN c < I/ORDPO SIT b I / IN c” ) ;

<false> otherwise;

CASE 2 (5, ~~~~, and ~ are all nodes )

<false> if A (or ~~) is not a node in the sub tree I 
-

of which ~ is the root node;

<true> if A appears before ~ in a pre—order scanof the nodes in ~;

<false> otherwise;

NOTE : This case is synonymous with the ex pression
“a I/PRECEDES b I/IN #SEQUENCE—OF—NODES—IN (c)”
which is an instance of’ case 1 of this relation .

SDF Quantifier-relation J
- 

- 

=> <‘I/THERE—EXISTS’> <gap> <Name> <gap> <‘ :‘> H
<gap> <Bounded—interval> <‘I/SUCH—THAT’> <gap>
<‘ (‘> <gap> <Boolean—expression> <gap> < ‘ ) ‘ >

=> <‘I/THERE—EXISTS’> <gap> <Name> <gap> < ‘-I /IN ’> H

53
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<gap> <Sequence—expression> <I/SUCH—THAT’> <gap>
<‘(‘> <gap> <Boolean—expression> <gap> <‘)‘>

:> <‘I/FOR—ALL’> (gap> <Name> <gap> <‘ :‘> <gap>
<Bounded—interval> <gap> <‘SIT—IS—TRUE—THAT’>
<gap> <‘ (‘> <gap> <Boolean—expression> <gap>
< ‘) ‘ )

=> <‘I/FOR—ALL’> <gap> <Name> <gap> <‘I/IN’> <gap>
<Sequence—expression> <gap> <‘ (‘> <gap)
<Boolean—expression> <gap> <‘)‘>

I/THERE—EXISTS b : a < =  b <=  c I/SUCH—THAT ( B )

<error>  if “a I/IS—NOT I/INTEGER I/OR c I/IS—NOT
I/INTEGER” holds;

<false> if “a < a” holds or If, for all integers
A <=  ~ < =  ~~~~, the expression “B i b ] ”  evaluates

to <false> (see note);

<true) if there is an Integer , ~~~~, A <: ~ <: ~~~~,

such that “Bi b]” evaluates to <true> and , for all
Integers d , S <~ ~ < ~~~ , “Bib]” evaluates to
<false> (see note);

<error> otherw ise.

Note :  B [ x ]  is B wi th  every occurrence of the
dummy variable name replaced with x , a constant
d e n o t i n g  ~ . Also see Chapter  II , Section I.

I/THERE—EXISTS b I/IN c I/SUCH—THAT ( B )

<error> if ~ is not a sequence;

<false) if every element , ~~~~, of ~ is suc h that
“Bib]” evaluates to <false> (see note);

<true> if there is an element , t , of ~ such that
“Bib]” evaluates to <true> , and each element , A ,
preceding ~ in ~ is such that “Bia]” evaluates to
<false> (see note);

<error> oth~’rwise.

1 
_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~T~~~ -~-- ~~~~~~~~~~~~~~~~~~~~~~ 

-



- “T ~ HiIT~~’~ 
- -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

SEMANOL(76) Reference Manual

III. Description of SEMANOL(76)

Note: B[x] is B with every occurrence of the
dummy var iable  name replaced with x , a cons tant

- - d e n o t i n g  ~~. Also see Chap ter II , Section I.

I/FOR—ALL b: a < =  b <=  c I/IT—IS—TRUE—THAT ( B )

<error> if “a I/IS—NOT I/INTEGER I/OR b I/IS-NOT
I / INTEGER ”  holds ;

< fa l s e>  if there Is an integer , ~~~~, S < =  ~~~~, such
that “Bi b]” evaluates to <false> and , for  all
inte gers ~~~~, A <= ~ < ~~~~, “Bi d]” eva luates to
<true> (see note);

<true> if’ “c < a” holds or if, for all in tegers
~~~~, S < =  ~ <=  ~~~, the ex p ress ion “Bi b]” eva luates
to <t r u e >  (see n o t e ) ;

<er ror>  o therwise .

More prec isely , th is keywor d ex press ion is
equivalent to - :

“ I / NOT I /THERE—EXISTS b: a <= b <: a I /SUCH -THAT
(I/NOT (B))” .

Note :  B [ x ]  is B with every occurrence of the
• dummy var iable  name replaced wi th  x , a cons tan t

denoting ~~. Also see Chapter  II , Section I.

- - I/FOR—ALL b I/IN a I/IT—IS—TRUE—THAT (B)

<error> if “c I/IS—NOT I/SEQUENCE” holds;

<fa lse> if there is an e lement , ~~~~, of ~ such t h a t
“Bib]” evaluates to <false> , and each element , A ,
preced ing  t in ~ is such that “B[a]” eval uates to
<true> (see note);

<true> if every element , ~~~~, of ~ is such that
“Bi b]” evaluates to <true> (see note);

<error> otherw ise.

More precisely, thi s keywor d ex p ression is
equivalent to “I/NOT I/THERE—EXISTS t~ #I’~ c
I/SUCH—THAT (I/NOT (B))” .

_ __ _ __ _ _
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Note: Bix] is B with every occurrence of the
dummy var iab le name rep laced with x , a constant
denoting ~~. Also see Chapter  II , Section I .

I/DF Equality—relat ion

:> <Sequence—expression> <gap> <‘#EQ’> <gap>
<Sequence—expression>

=> <Sequence—expression> <gap> <‘#NEQ’> <gap>
<Sequence—expression>

:) <Sequence—expression> <gap> <‘#EQS’> <gap>
<Sequence—express ion> 

- 
-

=> <Sequence—expression> <gap> <‘#NEQS’> <gap>
<Sequence—expression>

=> <Sequence—expression> <gap> <‘#EQN’> <gap>
<Sequence—expression>

=> <Sequence—ex press ion> <gap> < ‘ # N E Q N ’ >  <gap >
< Sequence—e xpress ion >

=> <Sequence—expression> <gap> <‘#EQW’> <gap>
<Sequence—ex pression>

=> <Sequence—expression> <gap> <‘#NEQW’> <gap)
<Sequence—expression>

=> <Sequence—expression> <gap> < ‘ :‘> <gap>
<Sequence—expression>

=> <Sequence—expression> <gap> <‘I/N’> <gap) < ‘ = ‘>
<gap> <Sequence—expression>

a I/EQ b

<true> if’ A and b are both the value <undefined>;

<true> if A and ~ are identical string values
(i.e., if “x I/IS I/STRING & y I/IS I/STRING & x #EQW

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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<true> if A and t’ are both <true> or are both
<false> (i.e., if “x I/IS #BOOLEAN & y I/IS
I/BOOLEAN & x #IFF y”);

<true> if A and b are the same identical node
(i.e., if “ x I/IS I/NODE & y I/IS I/N ODE & x #EQN
y”);

<true> if A and ~ are identical sequences (i.e.,
if’ “x I/IS I/SEQUENCE & y I/IS I/SEQUENCE & x I/EQS
y”);

<false> otherwise;

a #NEQ b

<true> if “a I/EQ b” evaluates to <false>;

<fa l se>  otherwise .

a #EQS b

<error> if S (or ~~
) is not a sequence;

< f a l se>  if the length  of the two sequences is
not the same (i.e., if “#LENGTH(a) I/N: -

# L E N G T H ( b ) ” ) ;

<true) if a and b are both empty sequences ( i . e . ,
they bot h have length 0) , or if , for 1 <= i <=
length of A , “I 5TH—ELEMENT—IN a SEQ I
I / T M — E L E M E N T — I N  b” ho lds ;

<false> otherwise.

a I/NEQ S b

<true> (<false>) if and only If “a I/EQS b”
evaluates to <false> (<true>);

- <error> otherwise .

a #EQN b

<error> if A (or b) is not a node ;

<true> If A and b are the same identical node
- 

I (c.f., Chap ter II , Sect ion F “Sequences  and  parse

-
- . 
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trees”);

<fa l se>  o therwise .

a I/NE QN b

<true> (<false>) if and only if “a I/EQN b”
evaluates to <false> (<true>);

<error> otherwise.

a I/EQW b

<error> if A (or b) is not string convertible;

<true> if the string value of A is identical to
the string value of b;

<false> otherwise. —

a #NEQW b -
,

<true> (<false>) if and only if “a #EQW b”
evaluates to <false> (<true>);

<error>  otherwise .

a = b

<er ro r >  if “ a I / IS —NOT I / INTEGER I/OR b I / IS—NOT
I/INTEGER” holds;

<true> if’ the numbers denoted by the numerals A
and ~ are equal;

<false> otherwise.

NOTE: This operator  tests for a r i t h m e t i c
equality ; it could be defined strictly in terms
of’ the numera l  s t r ings  A and T~, but such a
definition seems unnecessarily obscure for the
purposes of’ th is  m a n u a l .  This comment applies to
all the arithmet ic operators to be discussed
below as well.

a I/N = b

Synonymous with “I/NOT(a = b)” ; that is,

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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<t r ue> ( < f a l s e >)  if’ and only if “a = b” evaluates
to <false> (<true>);

<er ro r>  otherwise .

- 
I #DF A r i t h m e t i c — i n e q u a l i t y

=> <String—expression> <gap> <Less—than—c’n’~~” 
‘ p.

> 
I

<gap> <String—expression> 
I

=>  <String—expression> <gap>
<Greater—than—operator> <gap> <String—expression> -

H S.

I/DF Less—than—opera to r

=> ( ‘ < ‘ >

:> < ‘ < = ‘> 1. 
_

7

- 
#DF Greater—than—operator I—

=> < ‘ > ‘>
=> < ‘ >: ‘ >  5. 4 -

a < b

<er ror>  if “a I/ IS — NOT I / INTEGER I/OR b I/IS— NOT -

I/INTEGER” holds;

<true> if’ the num ber denoted by the numeral A is

ii) I less than the number denoted by ~; -

<false> otherwise.
- 

a < = b

- Synonymous with “#NOT(a > b)” ; that is, —

‘!l <true> (<false>) if’ and only if “a > b” evalu a~ es
to <false> (<true>);

59 
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-I.- ,

<error> otherwise.

a > b  -

<error> if’ “a I/IS—NOT I / INTEGER I/OR b I/IS—NOT 
-

I / INTEGER ” holds;  
-

<t rue>  if’ the number denoted by the numeral  A is
greater than the number denoted by b; -

<false> otherwise.

a > = b
)

Synonymous with “#NOT(a < b)” , that is,

<t rue>  (< f a l s e> )  if and only If “a < b” evaluates -

to <f alse> ( < t r u e > ) ;

<error> otherwise.

7

I

- • 

~~~~~~~~~~~~~~~~~~



r~~~~~~~~~ ~~~~~“S ~~~~~~‘Th.  
-

______________

_ _  _ _  

- _ _ _

SEMANOL(76) Reference Manual

III. Description of SEMANOL(76)

,‘ * * * * * * *,* ,* *,* *,* * * *,* * *

Sequ€nce Expressions

* * * * * * * * * * * * * * * * * * * I * * I I,’

#DF Sequence—expression

=> <Subsequence—expression>

=> <Sequence—concatenation>

Sequence expressions have sequences as their result values.
A SEMANOL(76) sequence is a structured object , whose elements
may be any object  of’ any type discussed in Chapte r  II , Sect ion
C “ SEMANOL (76)  Data Types ” , i nc l u d i n g  sequences .  However ,
SEMANOL(76) sequences may not be “ r e — e n t r a n t ”  ( i . e . ,  none of
the sequence elements of a sequence may be the  sequence  i t se l f ,
nor may any elements of a (sequence) element of tue sequence be

— the sequence itself , etc.). The “length” of a s€quence is the
number of elements it has; there exists an “em p ty ” se quence
whose length is 0 —— we denote the empty sequence in this
manual by “<n ilseq>” , and in SEMANOL(76) by “#NILSEQ” .

The elements of a sequence are strictly ordered by the
“Precedes” relation ; we assign ordinal positions to the
elements of a sequence as fo l lows:  the f i r s t  e l emen t  of a
sequence precedes all other elements , the second precedes all
others except the f i r s t , e tc .

Suppose two separate evaluations produce ~ and ~~~~, each of’
which is a sequence. If “#LENGTH(x) #LENGTH (y)” and “i
I/TH—ELEMENT—IN(x) I/EQ 1 I/TH—ELEMENT—IN(y)” for all i such tha t
“ 1 < = i” and “I <= # L E N G T H ( x ) ” , then ~ is iden t i ca l  to ~~

. That
is , the identity of’ a sequence is comple te ly  de t e rmined  by the
order and the identity of its components. Here the notion of
identity is defined in terms of the SEMANOL(76) operators for
equality (the node— , sequence— , str ing— , an d numeric—equality
r e l a t i o n s) .

- -  
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SDF Subsequence— express ion

:> < ‘I / S UB S E Q U E N C E — O F - E L E M E N T S ’ >  <gap> <Name>
<gap> <‘I/IN’> <gap> <Sequence—concatenation>
<gap > < ‘ I / S U C H — T H A T ’)  <gap> < ‘ ( ‘ >  <gap >
<Boolean—ex pression> <gap> <‘)‘>

=> < ‘ # S U B E Q U E N C E ’ >  <gap> <String—expression>
<gap> <‘I/TO’> (gap> <String—expression> <gap>
<‘I/OF’> <gap> (Sequence—expression>

= > < ‘# I N I T I A L — S U B S E Q — O F — L E N G T H ’ >  <gap>
<String—expression> <gap) <‘I/OF’> <gap>
<Sequence—expression>

=> < ‘ # T E R M I N A L — S I J B S E Q — O F — L E N G T H ’ >  <gap>
<String—expression> <gap> <‘I/OF’> <gap>
<Sequence—expression>

1

I/SUBSEQUENCE—OF-ELEMENTS b I/IN a I/SUCH-THAT ( B )

<error> if “a I/ IS—NOT I/SEQUENCE ” holds , or if
there  is an e lement , ~~~ , in S such that “Bib]”

-
~~ evaluates to neither <true> nor <false>;

<nilseq> if there is no element , ~~~~, in A such
tha t  “B i b ] ”  ho lds ;

Otherw ise: A , the sequence formed by taking the
e lements , ~~~ , of S such that “Bib]” holds. The
order of the elements in A is their order in A
(i.e., #bl I/PRECEDES b2 I/IN s #IMPLIES bi
I / PRECEDES b2 I / IN a ” h o l d s) .

Note: Bix] is B with every occurrence of the
dummy var iab le  name replaced w i t h  x , a constant
denoting x. Also see Chapter II, Section I.

I/SUBSEQUENCE m I/TO n I/OF a

<error> if’ fl’i (or n) is not an inte ger or if A is
not  a sequence ;

<un defined> if’ “m > n” or “rn < 1” or “n >
I / L E N G T H ( a ) ” ;

-

~ 
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- Ot herw ise: the subsequence of A beg inn ing  wi th
the ffi —th e lement in A and ending w i th  the  £~— t h
element  in A , inclusive ; that is, t he sequence  A

- such that for ever y inte ger I in the int erva l 1
<= i < : n — m + 1 , “i I/TM—ELEMENT— IN b I/EQ i + in

- — 1 5TH-ELEMENT—IN a” holds.

#INITIAL-SUBSEQ—OF—LENGTH in #OF a

<error> if’ m is not an integer or if A is not a
sequence ;

<undefined> if “m > I/LENGTH(a)” or “rn < 0” ;

<nilseq> if “rn = 0” ;

Otherwise: The sequence forme d by taking as
elements , the first ffi elements of S in order ;

- i.e., the sequence , A , such tha t  “ L E N G T H ( b )  in ”
and there exists a (possibly empty ) sequence ~such that  “b I/CS c I/E Q a ” ho lds ;  tha t  is for

- every integer I in the interval 1 <= ~ <~ m ,
- • • “lI/TM—ELEMENT—IN b I/EQ 1 I/Ti-I—ELEMENT—IN a” holds.

- #TERMINAL—SUBSEQ-OF—LENGTH m I/OF a

<error>  if ffi is not an in teger  or if A is not a
-

- sequence;

<un defined> if’ “in > # L E N G T H ( b ) ”  or if “in < 0” ;

<n llseq> if “m = 0” ;
- 

Otherwise: The sequence forme d by taking as
elements , the last Th elements of’ A in orde~’;i. e . ,  the sequence , A , such tha t  “ L E N G T H ( ’t )  in” ,
and there exists a (poss ib ly  empty ) sequence  ~

- such that  “c I/CS b I/EQ a ” holds ;  t h a t  is , for
- every Integer I in the interval 1 <= I <= m , “i

I / T i - I— E L E M E N T — I N  b I/E Q
1 ( # L E N G T H ( a ) — m + i ) # T H — E L E L ~N T — I N  a” holds.

#DF Sequence—concatenation

> < S e q u e n c e — c o n s t r u c t o r >  <%< <gap >  < ‘ I / C S ’ >  <r~~”
<Sequence—constructor>>> I. 

-- 
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V a I/CS b

<error> if A (or A) is not a sequence ;

Otherw ise: the sequence A forme d by concatenating
A and A ; that is, the sequence A such that for
every i in the in terva l  1 < = ~ <= the length of
A , “I 5 TH-ELEMENT — IN a I/EQ i I /TM-ELEMENT—IN 5”
holds , and for every i in the interval 1 <= I <=
the length of A , “I 5TH—ELEMENT—IN b I/EQ (1 +
#LENGTH(a)) 5TH—ELEMENT—IN s” holds.

al I/CS a2 I/CS ... I/CS an
Synonymous with the expression “(...((al I/CS a2)
ICS a3).. .I/CS an)” ; that is, the n—fold sequence

- 
- 

concatenation of Si through Sn (<error> If any of
the Al is not a sequence).

I/DF Sequence—constructor

= > < ‘ I / S E Q U E N C E — O F ’ >  <gap > < S y n t a c t i c — c l a s s — u n i o n >
<gap> <‘I/IN’> <gap> <String—expression>

:> <‘I/SEQUENCE—OF—NODES—IN’> <gap>
< S t r i n g — e x p r e s s i o n>

=> < ‘ I / S E Q U E N C E — O F — N O D E S ’ >  <gap > <Name > <gap>
<‘I/IN’> <gap) <String—expression> <gap>
<‘I/SUCH—THAT’) <gap > < ‘ ( ‘ >  <gap >
<Boolean—expression> <gap> < ‘)‘>

=> < ‘I/SEQUENCE—OF—ANCESTORS-OF’> (gap>
<Str ing—expression>

=> < S t r I n g — e x p r e s s i o n >  5.

- 
- I/SEQUENCE—OF < a l >  I / IN b

- ~~‘~~~~~~~~~~
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I /SE Q UENCE—OF < a l >  I/U <a2> I/U ...#U <any I/IN b

<er ror >  If A is not a parse tree node;

Otherwise: the sequence A formed by taking as
elements , the nodes , Ai , (of the pars e tree whose
root node is A) which have a S y n t a c t i c — c l a s s — n a m e
ta g ident ical to one of the
Syntactic—class—names , ai (cf, the discussion of
the “I/CONTEXT—FREE—PARSE—TREE... ” operat-~ r.
below). The nodes of the parse tree A ;-r~ to
appear in the sequence A in preorder (i.e., if
the or dinal pos it ion of Al Is less than  tha t  of
Aj in A , then Al would be liste d before Aj in a
preorder listing of the nodes of A. This
SEMANOL (76) expression is equivalent to
“ I / SUBSE Q UENCE—OF—ELEMENTS x SIN
( I / S E Q U E N C E — O F — N O D E S — I N  b) I /SUCH—THAT ( x I/IS—IN
<a l> I/U <a2> I/li ...#U (an>)” . H
NOTE: A preor der listing of the nodes of a parse
tree is one given by the following procedure:

1. Wr i t e  a name for the root no de of the
tree;

2. For each descendent node (in increasing -

seg—number  — — i . e . ,  l e f t — t o — r i g h t  —— order) ,
w r i t e  the preorder  l i s t i ng  of the nodes in

- - the subtr ee hav ing that node as root .

I / SE Q UENCE—OF—NODES—IN b

<error> if A is not a parse tree node;

Otherwise: t he sequence , A , formed by taking as
elements , in preor der , the nodes of the parse
tree whose root node is A. If bi , and Aj  are
nodes in the parse t ree A , then 51 appears before
Aj In a preorder listing of the nodes in A if’ and
only if the ordinal position of Al is less than
that of Aj in the sequence , A .

NOTE:  A preorder listing of the nodes of a parse
tree Is one given by the following procedure:

1. Wr i t e  a name for the root node o~ - -he
tree;
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2. For each descendent  node ( i n  inc reas ing
seg—number ——i.e. , left—to—right —— order) ,
write the preorder l i s t i n g  of the nodes in
the subtree  h a v i n g  tha t  node as root.

I/SEQUENCE—OF—NODES b I/IN a I/SUCH—THAT ( B )

<e r ro r>  if A is not a parse tree node , or if
there  Is a node , A , in the parse tree whose root
is A , such that Bib) evaluates to neither <true>
nor <fal se>;

<nilseq> if there is no node A , in the parse tree
whose root is A , such that “Bib]” holds;

Otherwise :  A , the sequence of nodes , A , taken in
preor der from the parse tree whose root is A ,
such that “Bi b)” holds. Thus “bi I/PRECEDES b2
I/IN s I/IMPLIES bi I/PRECEDES b2 SIN a” holds.

Note: RE x] is B with every occurrence of’ the
dummy variable name replaced with x , a constant
denoting ~~. Also see Cha pter II , Section I.

This SEMANOL(76) expression Is equivalent to
“I/SUBSEQUENCE—OF—ELEMENTS b #IN
(I/SEQUENCE—OF—NODES—IN a) I/SUCH—THAT ( B[bJ ) “ .

NOTE: A preorder listing of the nodes of a parse
tree is one given by the follow ing proce dure:

1. Write a name for the root node of the
tree;

2. For each descendent node (in increasing
seg—number ——i.e., left—to—right —— order) ,
wr ite the preorder listing of’ the nodes in
the subtree having that node as root.

I/SEQUENCE—OF—ANCESTORS—OF n

<error> if ft is not a node;

Otherwise: the sequence , A , formed by taking as
elements , in preor der , those nodes A from the
most i n c l u s i v e  parse tree c o n t a i n i n g  ft such t h a t
“n I/IS I/NODE— IN b I/AND n #NFQN b” ho lds .
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This is equivalent to “I/SEQUENCE—OF—NODES b I/IN
I/ROOT—NODE (n) I/SUCH-THAT (n I/IS I/NODE— IN b SAND
n #NEQN b)”

, ,* * * * * * * * * ‘ * *,* * * * * * * * * * *

String—Expressions

IDF Str ing—expression

=> < S u b s t r i n g — e x t r a c t o r >

=> <Strin g—concatenation>

:> <Position—detector>

:> <Sequence—element—extractor>

=> <Seg—selector>

:> < Sum> 5.

#DF Substrlng—extractor

:> <‘I/LEFT’> <Sum> <gap> <‘I /CHARACTERS—OF’> <gap>
<Strin g—expression>

> <‘I/RIGHT’> <Sum> <gap> <‘I/CHARACTERS—OF’>
<gap> <String—expression>

~
) <Sum> <gap> < ‘ I / T M — C H A R A C T E R — I N ’ >  < gap >

< S t r i n g — e x p r e s s i o n >
- 

. => <‘#FIRST—CHARACT F~ — IN’> <gap>
< S t r in g — e x p r e s s i o n ~
:> < ‘ I / L A S T — C H A R A C T E R — I N ’ >  <gap >
< S t r i n g — e x p r e s s i o n >  - -

=> (‘ # S U B S T R I N G — O F — C H A R A C T E R S ’ >  < g a p >  <5~~’ n >  < g a p >
< ‘ I/ T O ’ >  <gap> <Sum> <gap> <‘I/OF’) <gap>
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<String —expression >

> <‘I/PREFIX—OF— FIRST’> <gap> <Sum> <gap> <‘ -I/IN’>
<gap > < S t r i ng— e x p r e s s i o n >

=> < ‘I/SUFFIX—OF—FIRST’> <gap> <Sum> <gap> <‘I/IN’>
<gap> <String—expression>

I/LEFT m I/CHARACTERS—OF b

<error> if m is not an integer or if A is not
string convertible;

<undefined> if “in > #LENGTH(b)” or “m < 0” ;

<nil> If “rn = 0” ;

Otherwise: the string A , such that A is the -
,

initial substring of A of length M. That is , the
string given by “#SUBSTRING—OF—CHARACTERS 1 I/TO in
I/OF b” .

fExam ples:

“I/LEFT 3 I / C H A R A C T E R S — O F  ( ‘HI—THERE!’)” denotes
“HI ~~~~~~~

“I/LEFT q I/CHARACTERS—OF ( ‘OOPS’ )“  denotes
<un defined) if “q > 4” or if “q < 0” , and denotes
“OOP” if “q 3” .]

I/RIGHT m I/CHARACTERS—OF b - -

<error> If ft is not an Integer or if A is not
string convertible;

<undefined> if “rn > ILENGTH(b)” or “in < 0” ;

<nil> If “rn = 0” ;

Otherwise: the string A , such that A is the
rightmost s’,bstring of A of length ft. That Is,
the s t r i n g  g iven  by “ # S U B S T R I N G — O F — C H A R A C T E R S
I/LENGTH( b) - m + 1 I/TO I/LENGTH( b) I/OF b” .

( E x a m p l e s :
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“I/RIGHT 3 I/CHARACTERS—OF ( ‘FEE— FI—FO—FUM’ )“
denotes “FUM” .

“#RIGHT (#LENGTH (ix) — 1) I/CHARACTERS—OF ix ”
denotes < u n d e f i n e d >  if “ # L E N G T H ( i x )  < 1” , and
<n il> if “LENGTH (ix) = 1” ; otherw ise , it denotes
the string forme d from i~ by dropping its first
character. I

in 5TH—CHARACTER— IN b

<error> if ft is not an integer or if A is not
string convertible;

<undef ined> if’ “m < 1” or “rn ) #LENGTH(b)” ;

OtherwIse: A , where A is a str ing of length 1
consisting of the ffi—th character in A counting
from the left and starting the count at 1.

(Exam p le:

“2 5TH—CHARACTER—IN ‘pig ’” denotes ~~~~~

I/FIRST—CHARACTER—IN b

<error> If A is not string convertible;

<undef ined> if A is <nil> , the empty string ;

Otherw ise: the leftmost character of A F
[This  is equivalent to “1 I/TH—CHARACTER — IN b”)

I/LAST—CHARACTER— IN b

<error> if’ A is not string convertible;

<un defined> if A is <nil> , the empty string;

Otherw ise: the rightmost character of A

(This is equivalent to V

“ (I/LENGTH (b)) I/TM— CHARACTER — IN b”

#SIJBSTRING—OF—CHARACTERS m I/TO n I/OF b
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<error>  If ft (or ft) is not an Integer or If A is
not string convertIble;

<undefined> if “rn > n” or “rn < 1” or “n >
#LENGTH(b)” ;

Otherwise :  A where A is the substring of A
beginning with the ft—th character of A and ending
with the Tt—th character of A , inclusive (the
count is from left to right , beginning at 1).

[Exam p le:

“#SUBSTRING—OF—CHARACTERS 2 I/TO 3 I/OF ‘abed’”
denotes “be ” .]

I/PREFIX—OF—FIRST b I/IN a

<er ro r>  if A (or A ) Is not string convertible;

<undefined> if A is not a substring of A;

<nil) If A is an inItial substring of A or if “b
#EQW I/NIL”;

Otherwise :  A where A is the initial substring of
A ending at (but not including) the first
character of the first occurrence of A (scanning
f rom the l e f t) .

[Exam p les:

“ I / P R E F I X — O F — F I R S T  ‘X ’  I / IN ‘a a X X X ’ ”  denotes “aa ” ;

“I/PREFIX—OF—FIRST ‘ ,‘ I/IN alist” denotes the
in itial substring of string al!st ending just
before the first comma ( I f  there  is o n e) . ]

I/SUFFIX—OF—FIRST b I/IN a

<error> if A (or A) is not string convertible;

<undefined> if A Is not a substring of’ A ;

<nil> If the first occurrence of A in A (scanning
from the left) is a right—most substring of A ;

A if “b #E QW I / N I L ” ;
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Otherwise: A where A is the right—most substring
of A beginning at the character immediately after

V 

the last character of’ the first occurrence of A
In A.

(E x a m p l e s :

“I/SUFFIX—OF—FIRST ‘a ’ I/IN ‘aaXXX’” denotes
“ aXXX ” ;

“I/SUFFIX—OF—FIRST ‘ ,‘ SIN alist” denotes t~”e— right—most string of alist beginning just ~~i
the first comma ( i f  there  Is o n e) . ]  

#DF String—concatenation

:> <Sum> <gap> <%1<<’#CW ’> <gap> (Sum>>>

- 

- 

5 . -
,

a #CW b

< e r r o r>  if A (or A) is not s t r i ng  c o n v e r t i b l e ;

O the rwi se :  A where  A is the string obtained by
concatenat ing A and A.

(Exam p le:

“‘A’ •CW ‘WFUL” denotes “AWFUL”)

[Note: If several concatenat ions are specified
in an ex pression with no order—imposin g
parenthesizatlon , concatenation ta kes p lace fr om
left—to—ri ght.)

[Note: Since all numerals are also strings , all
the strIn g functions may be applied to them ,
also.)
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#DF Position—detector

:> <‘#SUBSTRING—POSIT—OF’> <gap> <Sum> <gap>
<‘I/IN’> (gap> (String—expression>

=> <‘I/ORDPOSIT’> <gap> <Sum> <gap> <‘I/IN’> <gap>
<Str ing—expression> 5.

#SUBSTRING—POSIT—OF a I/IN b

<error> if A (or A) Is not string convertIble;

(un defined> is A is not a substring of A or if “a
#EQW I/NIL”;

Otherw ise: 8, where A is the integer
corresponding to the first character position at
which A matches (Is identical to) a substring of
A .

[Exam p le:

“#SUBSTRING—POSIT—OF ‘a ’ SIN ‘cat” denotes “2”.)

#ORDPOSIT a I / IN  b

<error> if A Is not a sequence;

<und efined> if element A is not to be found in
sequence A (i.e., if I/FOR—ALL x I/IN b
I/IT— IS—TRUE—THAT (x#NEQ a)” holds);

Otherw ise: A , where A is a dec imal numeral
denoting the order position of the first
occurrence of element A in sequence A (counting
from 1).
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- #DF Sequence—element—extractor

=> <Sum> <gap> <‘5TH—ELEMENT—IN’> <gap>
- <String—expression>

-
- 

- => <‘I/FIRST—ELEMENT—IN’> <gap>
<Str ing—expression>

~> <‘I/LAST—ELEMENT— IN’> <gap> <String_exrression>

=) < < ‘ I / F I R S T ’ >  I/U ( ‘ 1/ L A S T ’ >  I/ti <<Sum> <g a p >
<‘5TH’>>> (gap> (Name> (gap> (‘I/IN’> <gap> <Sum>
<gap) <Such—that—clause>

~> <<‘I/FIRST’> I/U <‘I/LAST’> I/U <<Sum> <gap>
< ‘0 T H ’) > >  <gap > <Name>  <gap> <‘ : ‘> < g a p >
<Boun ded—Interval> <gap > <Such—that— clause> 5.

I/DF Such—that—clause

> <‘I/SUCH—THAT’> <gap> < ‘ ( ‘ >  <gap>
- 

(Boolean—ex pression> <gap> < ‘ ) ‘ >  0.

- 

- n 5 T H — E L E M E N T — I N  b
- 

- < er r o r >  If A is not a sequence or if ft is not in
the integer range.

<un defined> if “n < 1” or “n > I/LENGTH(b)” .

Otherwise: the ?tth element in the sequence A.

I/FIRST—ELEMENT—IN b

<er ro r>  if’ A is not a sequence.

- <und e f i n e d >  if A has length 0;

O t h e r w i s e :  the f i r s t  e lement  in the  Sequence  A .

[This is equivalent to “1 5TH—ELEMENT— IN b” .]

I/LAST—ELEMENT—IN b

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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<error> If A is not a sequence;

<undef ined> if A has length 0;

Otherwise: the last element In the Sequence A.

[This is equivalent to “#LENGTH (b) 5TH—ELEMENT—IN
V 

b” .]

n 5TH b I / IN s I / S U C H — T H A T ( B )

<error> if A is not a sequence or ft is not an
integer;

<undefined> If there are fewer than Ft elements ,
A , of A such that “Bt b]” evaluates to <true> , and
all the others are such that “BE b]” evaluates to
<false>;

A , the element in A such—that “B[b]” evaluates to
<true> and there are ft — 1 elements , A , prece d ing
A in A such that “B [bl” evaluates to <true> , and
each other element ~~~~, preceding A in A is such
that “B[d]” evaluates to <false> , if there is
such a A ;

<error> otherw ise.

Note: BEx I Is B with every occurrence of the
dummy varia b le name re p laced with x , a constant
denoting L Also see Cha pter II , Section I.

I/FIRST b tIN s #StJCH—THAT(B)

<error> if A is not a sequence.

<undefined> if every element , A , of A is such
that “B [b]” evaluate to <false> ;

A , the element of A such that “Btb]” evaluates to
<true> and each element , A , preceding A in A , is
such that “B[a)” evaluates to <false> , if there
is such a A;

<error> otherw ise.

More precisely, this keyword expression is
equ ivalent to “1 5TH b I/IN s I/SUCH—THAT (B)” .
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Note: Bix ] is B with every occurrence of the
dummy variable name replaced with x , a constant
denoting ~~. Also see Cha pter II , Section I.

I/LAST b SIN s SUCH—THAT(B)

<error) if A is not a sequence.

<un defined> if every element , A , of A is such
that “B[b]” evaluates to <false>;

A , the element of A such that “B[b]” evaluates to
<true> and each element , ~~~~, follow ing A in A , is
such that “B[a)” evaluates to (false> , if there
is such a A ;

(error> otherwise.

Note: B [xl is B with every occurrence of the
dummy v a r i a b l e  name re p lace d w ith x , a constant
denoting ~~. Also see Chapter II , Section I.

n I / T H b : a ( = b <= c # S U C H — T H A T ( B )

<error> if “a I/IS—NOT I/INTEGER I/OR c I / IS—NOT
• I / I N T E G E R ”  ho lds ;

<un defined> if there are fewer than Ft i n t ege r s ,
A , A <: A <= A , such that “B[b]” holds , and all
the others are such that #B[b]” evaluate s to
< false>;

The minima l integer , A , A <= A <= A such that
there are Ft Integers , 8, A <z A <= A suc h that
“Bf dl” holds , and every other ë, A <= è <= A is
such that “BE e)” evaluates to <fa lse> , if there
is such aA ;

<error> otherw ise.

Note: B[x) Is B with every occurrence of the
dummy variable name replaced with x , a const ant
denoting ~~. Also see Chapter II , Section 1.

This keyword expression Is equivalent to

“n 0TH b I/IN sequence—of—integers (a ,c) #S~ CH— T~~T
( B )“,
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given:

#DF sequence—of—integers (a,c)

=> I /ERROR I / IF  a I/IS—NOT I/INTEGER I/OR c u S—NOT
I / I N T E G E R ;

:> SNILSEQ I/IF a > c ;

=> \a\ I/CS sequen °— ‘ f—in te ge r s  (a  + 1 , c)
SOTHERWISE S.

I/FIRST b : a <= b <: c #SUCH—THAT ( B )

<error> if “a u S—NOT I/INTEGER SOR b I/IS—NOT
I/INTEGER” holds;

< u n d e f i n e d >  if every integer  A , A <= A <= A is
such that  “R[b]” evaluates to < f a l s e > ;

The (min imal) Integer , A , A <= A <= A suc h that
“8(b)” holds , and all other Integer s A , A <= A
A (If any) are such that “BEd)” evaluates to
<false> , if there is such a A;

<error> otherw ise.

Note: B [xI is B with every occurrence of the
dummy varia b le name re p lace d with x , a constant
denot ing L Also see Cha pter II , Section I.

More precisely, this keyword Is equivalent to

“1 5TH b : a < = b < = c #SIJCH—THAT (B)”.

I/LAST b : a < : b < = c I /SUCH —TH AT ( B [ b ]  )

<error> if “a I/IS—NOT I/INTEGER I/OR b I/IS—NOT
I/INTEGER” holds;

<undef ined> if’ ever y inte ger A , A < A < A is
such that “B[b ]” evaluates to <false> ;

the (maximal) integer , A , A < A < A such that
“B(b ]” holds , and all others A , A < A ( = A (if
any) are such that “B[d]” evaluate to <False> , if
there is such a A;

- - ~~~~~~~~~~~~~~~~~~ 
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<er ro r>  o therwise .

Note: B[x] Is B with every occurrence of the
dummy variable name replaced with x , a constant
denoting ~~. Also see Ch apter II , Section I.

This keyword expression is equivalent to

“I/LAST b I/IN sequence—of—Integers (a,c)
I/SUCH—THAT (B)” ,

where “sequence—of—integers (a,c)” is defit~~ ui
the explanation for “n 0TH b: a < b < = a

- 
- I/SUCH—THAT (B)” , above

I

I.
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I/DF Seg—selector

:> <‘#SEG’> <gap> <Sum> (gap> <‘I/OF’> <gap>
<Strin g—expression> I.

I/SEG n I/OF p

<error> if ~ is not a parse tr ee nod e , or Ft is
not an integer;

<undefined> if node ~ has ft d irect des cendents
and “n > rn” or if’ “n < 1” ;

Otherw ise: The ?tth descendent ~ of node ~
(counting from the left from 1). ~ is thus a
parse tree node , possibly a terminal one.

[E x a m p l e :  “ S t a n d a r d — n a m e ( # S E G  1 I /OF (#SEG 1 I/OF
stmnt ))” starts at the node st ftint , finds its
leftmost descen dent and then , In turn , f i n d s its
“first” descendent.)

[Note: Norm all y , the SEG’ s of a node correspond
to the set—concatenands in one of the
alternat ives of the nod e ’s Syndef.)
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V I/DF Sum

=> < ‘-ONEG’> <gap> <Product>
<%<<Ad ditive—operator> <Product>>>

=> <Product> <% (<Additive—operator> <Product>>>
I/.

#DF Additive—operator

- 

I => <gap > <‘i- ’ ,’#BOR ’,’#BXOR’> <gap>

:> <special—gap> <‘ — ‘ > < s p e c i a l — g a p >  0.

#DF Special—gap

=> < % 1< # S P A c E > >

=> <I/GAP> (Special—delimiters> <I/GAP> 0.

Note: Also see Cha pter II , Sect ion H , “SEMANOL(76)
Ar ithmet ic ” .

Integer  a r i t h m e t i c

#NEG a

<error> if A is not an integer ;

Otherw ise: the standar d form inte ger numeral
wh ich is the negat ion of A , in the same base as
A. That is , if A has a lea di ng minus sign , it is
erased; otherwise , it is added .

a + b

<error) if A (or A) is not an integer ;

Otherwise: the standard form integer numeral , ë,
for the sum of numbers denoted by A and A . If’
the bases of A and A differ , the base of A is th e
m i n i m u m  of the two bases ;  o t h e r w i s e  the base of A

79
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is that of A.

a - b

<error> if A (or A) is not an integer;

Otherw ise: the standar d form in teger  numera l , A ,
for  the d i f f e r e n c e  of numbers  denoted by -A and A.
If the bases of’ A and A differ , the base of A is
the m i n i m u m  of the two bases;  o therwise  the base
of A is that of A.

Bit—str ing—arithmetic

a I/BOR b

<error> if A (or A) is not a bit— string;

Ot herw ise: the bit s t r i ng  n u m e r a l , ~~~~, obtained by

( 1)  p a d d i n g  wi th  l ead ing  zeros the shorter
of A and A;

(2) construct ing a result numeral A us ing
bit—wise inclusive—or logic , gi ven in the
table below.

(i—th bit in A )
+~~~ 0 1

o :  0 ‘I
(i—th bit in A)

i :  1 1

[E x a m p l e :

“110 //BITS OBOR 10101//BITS” evaluates to

“ 1 0 1 1 1/ / B I T S ” ]

a SBXOR b

<error> if A (or A) is not a bit— string;

Otherw ise: The bit string constant , A , obtained
by

( 1)  p a d d i n g  w i t h  l e a d i n g  zeros the shor ter
of A and A;

80  
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L

(2 )  cons t ruc t ing  a resul t  numera l  using
bit—wise exclusive—or logic , as given in the
tab le below:

( i — t h  bit in A)
— :  0 1 

o :  o 1
(i—th bit in A)

1~~ 1 0

[Example :

“1100BITS #BXOR 10101 //BITS” evaluates to
“10011-I/BITS”)

#DF Product - 
-

=> <Primary> <%< <gap> <Multiplicative—operator .>
• <gap> <Primary>>> 0.

•DF Multiplicat ive—operator

::> (‘ *~~>

=> < ‘I ’>

=> <‘I/BAND’> 5.

Integer arithmetic

H a b

<error> if A (or A) is not an integer;

Otherwise :  the s tandard  form in teger  numera l , A ,
for the product  of numbers  denoted by A and A.

• If the bases of A and A d i f f e r , the base of’ A is
the minimum of the two bases; otherwise the base
of A is that of A.

a / b

-

, 
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<error> if A (or A) is not an Integer ;

<un defined> if “I/SIGN(b) =0” ;

Otherwise: the standard form integer numeral , A ,
for the “integer portion ” of the quot ient of
numbers denoted by A and A . If the bases of A
and A di ffer , the base of A is the minimum of the
two bases; otherwise the base of A is that of A.

Note:  This is t runca t ed  d i v i s i o n ;  thus  “3/2”
evaluates to “1” and “(—3)/2” evaluates to “—1” .

Bit—string—arithmet ic

a I/BAND b

<error> if A (or A) is not a bit— string;

Otherwise: the bit string constant , A , obtained -
,

by

(1) padding with leading zeros the shorter
o f A a n d b :

(2) constructing a result numeral using
b i t — w i s e  and logic as g iven  in the table

H b elow:

(i—tb bit in A)
0 1

0~~ 0 0
(i—th bit in A)

i :  0 1

[Exam p le:
- 

- “110//BITS I/B AND 10101//BITS” ev a luates to
“00100/ /BITS ”)

I/DF Primar y

- 

- 
=> < ‘(‘> <gap> <Expression> <gap> < ‘ ) ‘ >

82 ~~~
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:> < S em a n t i c— d e f — r e f e r e n c e >

=> < Sp e c i a l— f u n c t i o n>

=> <Numer ic—function>

=> <Sequence—function>

=> <Strin g—constant>

:> (Numer ic—constant>

=> <Boolean—constant>

:> <Sequence—constant> -

=> <Undefine d—constant>

:> <Name> I.
I - i  -

#DF Semantic—def—reference

:> <Semant ic—definition-name> <gap> < ‘ ( ‘ >  < g a p >
< E xp r e s s i o n >  <gap > <%<< Comma > (gap> < E x p r e s s i o n >

• <gap>>> < ‘ ) ‘ >

=> < ‘($‘> (gap> <Expression> <gap > <%<<Cotnma>
<gap> <Expression> <gap> >> < ‘ f l ’>  <gap >
<Semantic— definition—name> I.

C

a C al , . .. ,  an )

$ al , ..., an 5) a f
<error> if there is no semantic definition in the
SEMANOL (76) program with the semantic definition - 

-

• name “a”.

Otherwise: the result of evaluat ing the semantic
definition reference as described in the
discussion of <Semantic—definiti on> above.

-- ~~~~~~~~~~~~~~~~~~~~ -
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I/DF Special—function

=> <External— function>

=> <Assi gnment— function>

=> (File—manipulation>

=> <Tree— function> 5.

#DF External—function L
=> <‘I/EXTERNAL—CALL—OF’> <gap>
<Str ing—expression>

=> < ‘ I / E X T E R N A L — C A L L — O F ’ >  <gap >
( S t r i n g — e x p r e s s i o n >  <gap > < ‘ I / W I T H — A R G U M E N T ’ >  V

<gap >  < ‘ ( ‘ >  <g a p >  < Se q u e n c e — e x p r e s s i o n >  < gap>
< ‘ ) ‘ >  S.

I /EXTERNAL-CALL—OF a

I/EXTERNAL—CALL—OF a I/WITH—ARGUMENT (\bl ,...,b2\)

I/EXTERNAL—CALL-OF a I/WITH—ARGUMENT ( b ) - -

(error> if A (or bl ,...,or An ) is not
strin g—convertible , or if A Is not a (possibly
empty) sequence of strIng—convertible—objects. V

(e r ro r>  If any error  c o n d i t i o n  r e su l t s  from a
call to an (external ) function having as its name
the str ing value of a, and as i ts a r g u m e n t s  the
str ing values of bi through bn . An error
condition includes the following: (1) the
external function returns a non—string result;

84
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(2) the external function is not available in the
environment of the executing SEMANOL (76) program
when the call is made (i.e., the call cannot be
completed);

Otherwise: the string result of calling an
available external function having as its name
the string value of a, and as its arguments the
string values of bi through bn.

#DF Assignment—function

=> <‘I/LATEST—VALUE’> <gap> (‘(‘> <gap>
<String—expression> <gap> <‘)‘>

=> <‘I/ASSIGN—LATEST—VALUE’> <gap> <‘(‘> <gap>

<String—expression> <gap> (Comma> <gap>
<Expression> <gap> < ‘ ) ‘ >  5. 5.

-

~~~~ I I

I/LATEST—VALUE (a)

<error> If A is not string—convertible;

Otherwise : ~~~~, where a is the s t r i ng— v a l u e  of’ A
and (s ,~~) is the most recently added pair (which
has first elemen t s) to the global assignment
sequence .

I/ASSIGN—LATEST-VALUE (a,b)

<erro
~
> if A is not string—convertible;

Otherwise: the result value Is (nil>; as a side
effect of evaluat ion , the pair (s ,A ) is add ed to
the global assignment sequence , where s is the
string—value of A . 

#DF File—manipulation

— => < ‘ I / I N P U T ’ >

- - -~~~~~~~~~~~~~~~~~~~~ 
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=> <‘I/OUTPUT’> <gap> <‘(‘> <gap>
(Strin g—expression > <gap> <‘)‘>

:> <‘I/GIVEN— PROGRAM’> 5.

I/INPUT I/INPUT denotes a special argumentless function
which returns the value of’ a unique special
input variable. This variable Is assigned a
str ing value , implicitly , prior to the
execut ion of the SEMANOL(76) program ; it cannot
be modified during execution .

I/GIVEN—PROGRAM I/GIVEN— PROGRAM denotes a special argumentless
funct ion which returns the value of a unique
special given—program input variable. This
variable is assigned a string value ,
implicitly, prior to the execution of the
SEMANOL(76) program ; it cannot be modified
during execution.

I/OUTPUT (s) <error> if A is not string convertible;

Otherwise: I/OUTPUT denotes a special function
which returns the value <nil> , and as a side
ef fect , concatenates A to the righ tmost end of
the latest str ing value of a unique special
output variable , and ass igns the result ing
str ing as the (new) latest value of the spec ial
output variable. This variable always has the
value <nil> at the initiation of the execution
of the SEMANOL(76) program ; it can only be
altere d by the “I/OUTPUT” function .

[Note: The exact manner in which the implic it
assignments are made to the two special input
variables depends upon the particular
SEMANOL (76 ) imp lementation , as does the exact
mechan i sm by which the value of the special
ou tpu t  var iable  may be i n sp e c t e d . ]
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I/DF Tree—function

=> < ‘I/CONTEXT—FREE—PARSE—TREE’> <gap> <‘(‘> <gap>
<String—expression> <gap> <Comma> <gap>
< Syntac t ic—class—reference> <gap> < ‘ ) ‘>

=> <‘I/STRING—OF—TERMINALS—OF’> <gap> <‘(‘> <gap>
< St r ing—express ion>  <gap> < ‘ ) ‘ >

=> <‘I/PARENT—NODE’> <gap> <‘( ‘> <gap>
<String—expression > <gap> <‘)‘>

:> < ‘~~ROOT—NODE’> <gap> <‘(‘> <gap>
<String—expression> <gap> < ‘)‘>

I/CONTEXT—FREE—PARSE—TREE (a, <b>)

<error> if A is not s t r ing—conver t ib le  or it ’ b is
not a syntactic definition name for a syntactic

• definition in the context  free syntax section ;

<error> if the grammar G( b ) ,  with start symbol b ,
is ambiguous with respect to the string value o~

’
a (See Section 3 in Appendix A);

<undefined> If the string value of a cannot be
der ive d from the start symbol b of the grammar
G(b);

Otherwise: The ordered parse tree obtained by
parsing the string value of a with respect to the
grammar G (b) to be found in the context free
syntax section . Actually , the result value of’
this operat ion Is the root node for the parse
tree , from wh ich the rest of the tree is
accesc ible via other SEMANOL(76) functions.

• Complete definition of the construction of the
parse tree is given in the discussion in Appendix
A.

The SEMANOL(76) parse tree has a few extensions
over the most common notions of a parse tree;
each non—terminal node has certain special labels
or attributes: (1) syntactic class name , (2) case
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(or definlens ) number , (3) seg count , and (U
syntactic component pairs.

Each non—terminal node corresponds to a
( su b) st r i n g  of the parsed s t r ing ,  which belongs
to a syntactic class defined by a syntactic
definition (whose name is recorded as a label on
the n o d e ) .  Each of its immediate descendants
(“seg”s) correspond to a syntactic set (with a
terminal or non—terminal syntactic class name)
concatenand in one of’ the definiens of the
definition. The segs of a node are ordered I’
(left—to—right), and are given numbers from 1 to

— the seg—count of the node . The definiens used to
produce the descendents is labeled (by case
number) in the parent node; the total number of
segs Is also labeled in the parent node.

— I/STRING—OF—TERMINALS—OF (a)

<error> If A is not a parse tree node;

Otherwise: The string, x , represented by A as
described in Section 5 of the discussion in
Appendix A. H

#ROOT—NODE(b)

<error> if’ “b I/IS—NOT I/NODE” holds;

Otherwise: the unique node , in the
(most— inclusive) parse tree containing A , which
has no parent ; i.e., that node A such that all
nodes ~ in the parse tree containing A have the
property that “c I/IS I/NODE—IN a” .

Note: A parse tree A “includes ” parse tree A if
every node contained in A Is contained in A.
Also , A “properly includes” A if A includes t’ and
there Is some node A contained in A which is not
contained in A. A parse tree is “most— inclusive ”
if it Is not properly included in any parse tree.

88 
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I/PARENT—NODE ( b)

<error> if “b I/IS NOT I/NODE” holds;

• <error> if “b #EQN # R O O T — N O D E ( b ) ”  holds;

Otherwise:  the unique  node , A , in the
(mos t—inc lus ive)  parse tree conta in ing  A , for

- - which there is an integer 1 such that “b #EQN
#SEG I I/OF a” holds.

This keyword expression is equiva lent  to

“#LA~ T— ELEMENT—I N ( I /SE QUENCE—OF—ANCESTORS—OF b ) ” .

Note :  A parse tree A “includes” parse tree A i~’
every node contained in A is contained in A .
Also , A “properly includes” A if A includes A
there is some node A contained in A which is not

H 
- contained In A. A parse tree is “moat—inclusive”

H if it is not properly Included in any parse tree.

#DF Numeric—function

:> Arithmetic—funct ion

:> Count—length—function

#DF Arithmetic—function

~> < ‘ # A B S ’>  <gap> < ‘ C ’ >  <gap > < S t r ing—expression>
<gap> <‘)‘>

:> <‘I/SIGN’> <gap > < ‘ ( ‘ >  <gap>
<String—expression> <gap> <‘) ‘>

> <‘I/CONVERT’> (gap> <‘2’ , ‘8’ , ‘10’> <gap>
< ‘ ( ‘ >  <gap> <String—expression> <gap> < ‘)‘> S.

I/ABS (a)

<error> if A is not an integer;
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Otherwise: the standard form numeral obtained
from A by

(1) converting A to standard form , and

( 2 )  taking A if A has no leading minus sign ;
otherwise

(3)  e ras ing the leading minus  sign of a.

I/SIGN (a)

<error> if a is not an integer;

- ~ Otherwise:  the ( s tandard  form decimal in teger)
numeral given below :

“0” if “a = x” where ~ is a standard form
zero of the same numeric type as A ;

- - “— 1” if a has a leading minus sign ;

“1” otherwise.

I/CONVERT b (m) , where b is 2 , 8 , or 10

<error> if ffi is not an in teger ;

Otherwise: the base b standard form
reprezentation of ffi.

I/DF Count—length—function

=> <‘I/SEG—COUNT’> <gap> <‘ (‘> <gap>
<String—expression> <gap> < ‘ ) ‘ >

=> <‘I/LENGTH’> <gap > < ‘ C ’ >  <gap>
<Sequence—expression> <gap> (‘)‘> I/.

-~~ I /SEG—COUNT ( a )

<error> if A is not a parse tree node;
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O if A is a terminal  node ( I . e . ,  if A corresponØs
to one of the Syntactic set constants in the

• parse of a given (sub)string —- see the
discussion of the “I/CONTEXT—FREE—PARSE-TREE...”
operator , above).

Otherwise: The standard form decimal integer
numeral , n, such that A has n immediate
descendants in the parse tree of’ which A is the
root (see the discussion of the

-: “I/CONTEXT—FREE—PARSE—TREE...” operator , above),

#LIENGTH (a)

<error> if neither of the fol lowing condit .i-ons
holds:

(1) ~ Is a sequence ; (2) A Is string convertib’e .

- 

- 

CASE 1 (A Is a sequence)

The standard form integer numeral n , where fl is
the number of elements in A. (“0” if’ A Is the

— 

- 

- empty sequence <nilseq>.)

CASE 2 (a  is string convertible)

The integer numeral  n , wh ere A is the numbQr of’
characters  in the s t r ing  value of a ( “ 0 ”  if’ the
string value of a is <nil>).

#DF Sequence—function

=> <‘I/REVERSE—SEQUENCE’> <gap > < ‘ ( ‘ >  <gap>
- 

- 
<Sequence—expression> <gap> < ‘)‘> I/.

• I/REVERSE—SEQUENCE (~~ )

<er ro r >  if A Is not a sequence;

Otherwise :
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- <nilseq> if A is <nilseg> ; otherwise ,

- 
- The sequence obtained by taking the elements of A

in reverse order.

- - 
#DF Undefined—constant

• 
=> <‘I/UNDEFINED’> S.

#DF Boolean—constant

=> < ‘ # T R U E ’ , ’ -I / FALSE ’> S.

#DF S~quet~ice—constant

:> < ‘#NILSEQ’>

ii - - => < ‘ \ ‘ >  <gap> <Expression> <gap> <%<<Comma>
<gap> <Express ion> < g a p > > >  < ‘ \ ‘ >  I/ .

I/UNDEFINED <undefined> , a distinguished value.

I/TRUE <true>

I/FALSE < f a l s e >

#NILSE Q The empty sequence , <ni l seq>

\ a \ The sequence containing the s ingle element , A.

\ al , ... ,an \

The sequence containing n elements , whose I—th
element  is Al .

[This  Is equ iva len t  to

“\al\ I/CS ... I/CS \an\” .]
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III. Description of SEMANOL(76)

#DF String—constant

:> <String> I.

#DF String

:> < ‘ [ ‘ ] ‘ >  <%<String—character>> <‘ [‘]‘>

:> <‘#SPACE’>

~> <‘#NIL’> #.

#DF String—character

=> <Printing—ascii—character> #S— <‘ 1’) ’  , ‘[LI’>
:> <‘ [ 1) ’> <Escape—sequence> <‘1’> #.

• #DF Escape—sequence

=> < ‘ [ ‘] ‘ , ‘EN Q’, ‘FF ’, ‘DC3’, ‘SUB’ ,

‘ [C] ’ , ‘ACK’ , ‘CR’ , ‘DCA$ ’, ‘ESC’,

‘NUL’, ‘BEL’, ‘SO’, ‘NAK ’, ‘FS’ ,

‘SOH’ , ‘BS’, ‘SI’ ‘SYN’, ‘GS’ ,

‘STX’, ‘liT’, ‘DLE’, ‘ETB’, ‘R S’,

‘ETX ’, ‘LF’, ‘DCI’ , ‘CAN’ , ‘US’,

‘EOT ’ , ‘VT’, ‘DC2’, ‘EM ’, ‘DEL’>

#DF Printing—ascii—character

:> <#LETTER>

:> <#DIGIT>

=> <#SPACE , ‘i ’ , ‘“‘ , ~~~~~~ ~~~ t % ~~~,

~~&t ~~ I[ t ) ~~~, ~~~~ I ) ? , ~ *t , ~~~~~

, , , , , , ,,, ,., ,.,, , — , • , , , • , , ,
, ,_ , 

, 
,>, , , ,~~, , ~[( )~ ,
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,‘, ,-I, ~~~ ~ , ,‘, ‘I,, _J , , , , I ,
, 1~~, ~~ ,

The string “x”. The string constant , like every
other SEMANOL(76) <Symbol> , is indivisible; that
is, the evaluation of’ a string constant is direct
and cannot be the composition of’ any other

• evaluative steps . In particular , if “ ‘a’ “ is a
string constant appearing in an expression in a
semantic definition which has a formal parameter
named “a”, the value of the string constant is
the string “a” , not the value of the actual
argument associated with the formal parameter.

A special notation is used to represent
non—printing ASCII characters , and imbedded
single—quotes within a quoted string. The square
bracket characters are used to enclose the
standard ASCII name of the non—printing
character. For example , ‘[CR][LF]’ denotes the
string of’ two characters —— AS C I I  carriage—return
followed by ASCII line—feed. The same square
brackets enclose the single—quote character. For
example , ‘[‘]‘ denotes the string consisting of’
the ASCII single—quote character. Finally , it is
necessary to use the special bracket notation to
represent the “[“  character , since that character
normally serves as an “escape” character for this
notation . Thus, ‘[[]‘ denotes the single “ C ”
character; ‘[[]HI)’ denotes the string “[HI]”.

Note that the ASCII line—feed character itself (for example)
cannot appear in a string, only the characters
ELF), which stand for the line—feed . Thus the
SEMANOL(76) end—of-line character cannot appear
in a string; that is, string constants cannot be
split across lines .

#SPACE The string consisting solely of ASCII space or
blank character.

#NIL The empty string <nil>.

94 p



_ ~II~ 1
SEMANOL(76) Reference Manual

• III. Description of’ SEMANOL (76)

H 

#DF Numeric—constant
• => <Integer—constant>

=> <Bit—string—constant> #.

H 1 
#DF Integer—constant

1 => <Integer> H

. 1 :> <Octal—integer> <‘#B8’>

=> <Binary—Integer> <‘#B2’>

=> (‘ — ‘> <Integer>
I 

:> <‘ — ‘> <Octal—integer> <‘#B8’>

~> <‘ — ‘> <Binar y—integer> < ‘#B2 ’)  I .

#DF Integer

- => <%1<#DIGIT>> #.

#DF Binary—integer

• => <% 1 < ’ O ’ ,’ l ’>> #.

#DF Octal—integer

=> < % 1 < ’ O ’  , ‘1’ , ‘2’ , ~~3V  , ~~~ , , ‘6’ , ~7~>> #.

#DF Bit—string—constant

=> <Binary—integer> <‘#BITS’> #.

L
I )

XX:::X

_________________________________ ____________________
I
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III. Description of SEMANOL(76)

X X : : : X # B 8

XX:::X#B2 ‘

Each integer numeral constant evaluates to itself
as a SEMANOL(76) string object.

The integer portion , “XX :::X” , may be any string
of decimal digits , if there is no base suffix (
or octal digits if the base suffix is “#B8” ; or
binary digits if the base suffix is “#B2”); no
imbed~1ed blanks are permitted .

XX:: :X#BITS

Each bit—string constant evaluates to itself as a
string object.

The integer portion , “XX: ::X” , may be any string
of binary digits (with no iinbedded blanks).

Basic Symbols

#DF Comma

=> <‘ ,‘>
=> <‘ I , ’> <Name> S.

#,commen tary—characters

The SEMANOL (76 ) comma may include some optional
commentary characters for readability. WARNING :
the use of “#,“ must always be immediately

96 _
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III. Description of SEMANOL(76)

followed by noise characters, with no gap and no
imbedded blanks. There Is some danger that the
SEMANOL(76) programmer may forget the noise
characters and/or their terminating blank , thus
erroneously consuming the next name as noise. For
examp).e, the definition reference “blah (a#,b)” is
erroneous.

#DF Comment

• => <‘“> <% <#ASCII #S— <‘“‘ >>> <‘“ ‘> 0.

H “ blah ”

A SEMANOL(76) comment may appear in any gap In a
SEMANOL(76) program . It Is ignored during
execution of’ the SEMANOL(76) program . The first
occurrence of’ a double—quote after the opening• double—quote terminates the comment.

#DF gap

~> <#G AP >

~> <#GA P > <Specia l—del imi ters> <#GAP > S.

#DF Special—delimiters

=> <Special—delimiter> S

<%1<<#GAP><SpeoIal—delimiter>>> I.

#DF Special—delimiter

=> <Commen t> SU <End—of line> I,

#DF End —of— line

:> (‘ELF]’> S. 

_ 
_ _ _ _  

0
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III. Description of SEMANOL(76)

The character ‘ELF]’ partitions the SEMANOL(76)
program into a sequence of “lines”, which are
substrings over the alphabet <SASCII> IS—
<‘[LF]’>. No line may be greater than 72
characters in length .

#DF Name

• :> <#LETTER> <%<<#LETTER> SU <ODIGIT> SU <‘ — ‘>>>
S.

The possible meanings of’ names depend upon H
F context. Some rules concerning names are given

in Section E of Chapter II.

4•1
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• Appendix A

The followinp paragraphs are given to fill in t~e detailsof the SEMANOL(76) ImplementatIon of’ the notions of grammars ,
derivations , derivation— and parse—trees, syntactic components
(but also see Chapter II), and the string of terminals of’ any
node of a parse tree.

• 1. Derivation s

The derivation of a string, a, from the “start—symbol” , 5,
of a grammar , G(S), can best be explained by an example.

• Definition jDefInien~ number)

IDF S :> <T> <%1<<’+’> <T>>> 5. (1)

#DF T

( T )

:> <V> <‘*‘> <T> 5. (2)

#D F V

=> <#CAP> <%<#CAP #U #DIGIT>> 1. (1)

Fig. A. 1 . Fxample grammar (with start symbol 8).

• Stec (al: To begin , rewrite the grammar so that all
syntactic class names are bracketed (G(S) Is in this form).
Then write the start—symbol, bracketed .

Stec (bI: Then we perform a direct—derIvatIon, by (1)
choosing a bracketed Syntactic class name In the current
string; (2) choosing a def’iniens In the Syntactic definition
which defines that Syntactic class name ; and (3) replacing the

H bracketed Syntactic class name with the chosen def’Inlens. If ’
the definiens is a syntactic expression of the form “a IS— <

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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bi , ... , bn >“ , then bracket it before performing the P
replacement . At step (b), there are no choices , so we perform
the only possible direct—derivation . We also record the
(Syntactic class name ; definiens number) pair used to make the
derivation .

SteD.(c): After performing each direct—derivation , we
check for spontaneous—derivations, which must be performed if
there are any occurrences of the SU , %, or %1 operators.
Corresponding to each occurrence of such an operator , 0, is an
“0—induced” spontaneous—derivation. (If any derivation
contains more than one such operator occurrence , they may be
nested by the parenthesizing brackets; in that case the Induced
spontaneous derivations are done “from the outside inward” .)
At step (c), a ~1—Induced sDontaneous derIvation Is performed .I I Where t.he expression <%1<a>> appears , we choose a DositiVe
integer , n , and replace the expression with n occurrences of
<a>; at. step (c), n 1 .

Spontaneous derivations must be performed in left to right
order (unless the inducing operators are nested), and all
Inducing operators must be eliminated before proceeding to the
next direct—derivation . When all such operators have been H

• 

• 
eliminated the direct—derivation and the subsequent chain of’
spontaneous derivations (if’ any) constitute a complete
derivation steo . Thus steps (b & c) constitute a complete
derivation step.

Stec (d): Perform a direct derivation , replacing the
second occurrence of <T> with its second definiens , <V > <‘ ‘ ‘>

• <T>. Since this derivation introduces none of the inducing
operators , this is a complete derivation step.

SteD (e): Replace the first occurrence of <T> with its
first definiens , <V>. Complete derivation step.

SteD U’): Replace the first occurrence of <V> with Its
• only def’inlens. This Introduces two (nested) Inducing

operators , % and IlL Thus we are forced to perform a %—induced
spontaneous derivation , followed by a #U—induced spontaneous
derivation :

100
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(a) <3>

t ( S ; 1)

(b) <T>< %1<<’+’><T>>>

V
H (c) <T><’+ ’><T>

- • I lq’ .

(d) <T><’+’><V><’~~’><T >

~(T;1)

••1 
Ce ) <V>< ’+’><V><’’><T>

(V;1)
V

* (f) <#CAP><%<#CAP #U #DIGIT>><’+’><V><’”>< T>

V
(g) <#CAP> (#CAP #U #DIGIT><#CAP SU #DIGIT><1 +~><V>< t *I>< T>

Fig. A.2 . Derivation of String Si (part I)

•

101 
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(g) <#CAP><#CAP #U #DIGIT><#CAP #U #DIGIT><~ +>< V><~ *~ >< T>

K#U (twice))
V

(h) <#CAP><#DIGIT><#DIGIT><’+~ >< V ><~ *~ >< T>

(V;1)
V

• (I) <#CAP><#DIGIT>< #DIGIT><’+’><#CAP><%< #CAP #U #DIGIT>>
< ‘‘‘><T>

V
(j) <#CAP><#DIGIT><#DIGIT><~+~><#CAP><~*~ ><T>

(T;i)

(k) <#CAP><#DIGIT><#DIGIT><t ÷~><#CAP><~*~ >< V >
• 1 (V;1 )
• V

• (1) <#CAP><#DIGIT><#DIGIT)<’+’><#CAP>< ’’’><#CAP>
< % < # C A P # U # D I G I T > >

I ( %)
V

(in ) <# CAP> <# DIGIT> < #DIGIT> < ‘ + ‘> < # C A P > < ~~* t > < # C A P >
I I I I I I I
I I I I I I

V V V V V V V
(n) A 1 2 + B * C string Si

Fig. A.2. Derivation of String si (part 2)

Stec (gi: If the expression <%<a>> appears , we choose a
non—negative integer n and replace the expression by n ‘

• occurrences of <a>; here n = 2. ThIs Is a j~induced
• soontaneou s derivation .

Stec (hi: If any of the expressions <al #U a2> ,. • ., <al
#U...#U an> appear , choose a positive irite~er ri (<:~ ) and
replace the expression with <am>. Here m=2 Is chosen twice ,

_______________ 
— 
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-iS

and two lU—induced soontaneous derivatiojis are performed.

There are no inducing operators left. Thus steps (f—h)
- 

-
~~~ constitute a complete derivation step.

Steos (1. thru ml : Proceed as discussed above , until there
are no more Syntactic class names and no more inducing
operators in the most recent string. All bracketed expressions
will contain Syntactic set constants. This condition is known
as derivation UD to termina). nodes.

Steo Cmi : The terminal derivation Is performed by
selecting a string from the set denoted by each Syntactic Set
Constant and replacing the corresponding Set Constant with Its
string.

Our derivation Is complete.

Note that what we have done here is to describe a method
for producing members of’ the set denoted by the start—symbol.

The strings constructed in any derivation (e.g., that of
S 

Fig. A .2) are called sentential forn~s. Each lettered line of’
• Fig. A.2 Is a sentential form . Only the last sentential form

• In a derivation is In the language generated by the
• start—symbol. Sentential—forms which contain any of the
• inducing operators , %, %1 , or LW , are called ~emDorarv forms.• The rest are called Dermanent forms.

There are some special amendments to and constraints upon
F’ the terminal derivation:

(1) IS—

Suppose the grammar of the above example had the following
syntactic definition for “V’1 rather than the one give above :

V => <#CAP> <% <#CAP LW #DIGIT>> IS— <‘A 12’>

(This says that no derivation may produce “A 12” from the
syntactic class V). If the sample derivation were repeated with
the amended grammar , the sentential form at line (in) would be:

(in ’ )  < <#CAP><#DIGIT><#DIGIT> IS— <‘A~2 ’>>
<~~s.~ > << #CAP> IS— (‘A12 ’>>
<‘ “ ‘>  <<#CAP> IS— < ‘A 12’>>

There are five “bracketed components ” of’ (m’):

~~~~~~~
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(1) <<#CAP><#DIGIT><#DIGIT> IS—<’A12’>>

(2) <‘+ ‘>

• (3) <<#CAP>#S—<’A12’>>

S (14 ) <‘ *1>

(5) <<#CAP> #S—<’Ai2’>>

Bracketed components (1), (3 ) ,  and (5) are said to be “#3-
• conditioned” ; t~’e selection of strings from the syntactic set
• constants In each bracketed component must be such that the

resultant “component string” is not among ‘those listed in the
IS— condition (the set of strings following the “i’IS— ”).

For example , the string Si of Fig. A.2 would no longer be
derivable from S. since “A 12” is specifically excluded from
syntactic class “V” . However the string “A13+B’C” is derivuble
from either the original or the modified grammar .

• 2. Some Special Cases

Define the relation “directly—derives ” or —> as follows : A
—> B if and only if A and B are nermanent forms and there is a
single eomolete derivation step (or a terminal derivation )
which (given A) will oroduce B. This relation is understood to
be relative to the Darticular grammar given in a Darticular
Context Free Syntax Section : also if a denotes A and b denotes
B and A — > B then we say a —> b. For example, In Fig. A .2. (a)
—> (c) ; (c) —> (d) : (d) —> (e) : (e) —> (h) : (h) —> ( i) : (.1) —>
(k): (k) —> (m): and ( i n )  — > (n). No other nairs of line
letters are in the relation .

Define the relation “derives ” or ‘—> as the transitive
closure of —>: that is A ~ —> B if’ and only if A -> B or there
exist Dermanent forms ai. a2. a~ an such that A — > al —>
a2...—> an —> B. (Also. if a denotes A and b denotes B and A
‘-> B. then a ~— > b) .

Thus in Fig. A.2 • , <5> ‘-.> ~IA12+B*Cn or eaujvalentlv (a)
• ‘—> (n): also (a) ‘-> (h); (d) ‘—> (k): etc.

Let “right Cc)” denote the right—most character of the
string c (if c is not the empty word : and c otherwise). Let
“left (c)” be defined symmetricall y.

If 5 is the start—symbol of’ a grammar of the context free
syntax section , and

~

• - - • • • • • • •  ~~~~~~~
_ ~
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(1) <S> •> ABC •—> abc ; and

(2) A ‘—>a ; B *_>b; C *_>c; and

CASE 1

(3 )  B is “<#DECNUM>”

or

-~ 
- B is “<#NAT—NOS>”

then left(c) may not be an ASCII digit (frcim the set named
#DIGIT).

CASE 2

• 
• (3 )  B is “<#GAP>”

then left(c) may not be an ASCII blank character; and b may be
• <nil> only if right (a) and left(c) are not both ASCII

• alphanumeric characters.

As an example of’ the IGAP case , recall the definition of
n—place set concatenation , specified in SEMANOL,.(76) by
<bl><b2>... <bn> , where the bi are syntactic expressions
denoting sets of strings . The SEMANOL(76) constant
<bl><b2>.. .<bn> denotes the set of strings A= { a :
a= ”aia2...an ” and “al” is in ti; “a2” is in ~2;...; “an ” is in
en). H

Normally, if the empty string <nil> is in ~i (1(i<n) then A
contains

a:aia2...a(i—i)<nhl>a(I+1)...an

~aia2. . .a(i—1)a(i+1). . .an.
• However , sup’ose that bi is the syntactic expression #GAP.

Then A contains a = ala2...a(i—1)<nil>a (i+1)...an if and only
- if right (ala2. . .a(i—i)) is not alphanumeric or left

(a(i+1)...an) is not alphanumeric.

- 3~ Ambiguity

• A grammar In the context free syntax section Is ambiguous
if there exIst two different derivations for any string in th 

•

language of the grammar. A grammar , G(S), is ambiguous wi ti

H I
- - 105
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respect to a particular string If there exist two different
derivations for that string from the start symbol S of the
grammar.

If the expression “#CONTEXT—FREE—FARSE—TREE (S ,p)” is
evaluated , where G(S) Is ambiguous with respect to the string
value of p, the result is <error> , as described above .

k. Derivation and Parse Trees

From the list of derivations in Fig. A.2 we can construct a
tree representation of the derivation process. Fig. A.3 shows
the first three steps In the construction of’ such a derivation

S 
tree.

Note that only the permanent forms (a), (c), Cd), (e), (h),
( J) , (k), (rn), and (n) are reflected in the construction of the
derivation tree (although the “definlens number” of each direct
derivation is also recorded). Each addition to the derivation
tree (begun in Fig. A.3 (a)) correspond3 to a complete
derivation step in the derivation of Fig. A.2. H

Step (a). The “parent” or “root” node Is labeled with the
start—symbol.

• Steps (b—c). The “immediate descendent” nodes of’ any
• parent are labeled with the syntactic class names obtained from

the parent by a complete derivation step. The “definlens
• number” used in the direct derivation (for that step) is

appended to the parent node ’s label .

Step (d). The process is repeated for the next complete
derivation step. Fig. A. Lt shows the derivation tree “up to

• terminal nodes” .

The Interpreter uses the Context—Free Syntax Section to
reco~n1ze programs rather than to generate them. However , In

• 
• 

the recognition process , a parse tree is formed whose basic
structure Is that of the derivation tree .

In terms of parsing a given string the following
interpretations may be made regarding certain derivation rules
given above :

1. A substring which Is parsed by virtue of a def’Iniens
containing the operators IU , %, or Si , will produce a single
level In the subtree corresponding to the definiens (i.e.,
Levels are added to the parse tree only for explicitly named
syntactic classes ; put another way, temporary forms are not

-5— --— - 
~~~
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reflected In the parse tree).

2. The special case Syntactic set constants IDECNUM and
INAT—NOS which are used to parse a a substring aI...an will

• “consume” all the consecutive numeric digits of that portion of
I the overall string being parsed (i.e., character a (n+1) will

never be an ASCII digit). Similary , if’ #GAP is used to parse
“aI...an” , character “a(n+i)” will never be an ASCII blank

I character. Furthermore “ai...an” can never be <nil> if both
characters “a (I—1)” and “a(n+1)” are alphanumeric.

‘H .

‘~
I S -. 

~_~~~~~~~:
• 
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O S

Fig. A.3 Construction of’ a Derivation Tree

S;].

JI” j ~~~~~~~

< ‘i’ > / ~~~~~~~~

Zv;i. *~ / Tl
~+

1 H/t\ /1>
cf I ‘b

<#CAP> 6 <#DIGIT> 
~ ‘*~~ v i

<IDIGIT> II I c#CAP> <ICAP>

‘A’ ‘1’ ‘2’

‘a ’ ‘C’ - 

•

Fig. A. 14 Derivation Tree “up to Terminal Nodes”
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_ _ _ _ _ _ _ _ _ _5. The string of terminals of a node

Now we can write the derived string by tracing the tree in
“preorder ”. For each immediate descendent di of the parent
node (<1=1 ,...> in left to right order), if dl is a terminal
node write down its associated string; otherwise trace the

• subtree of di , using dl as the parent. The string thus written
is the one represented by the derivation tree.

In a similar manner , each non—terminal node CorreSDOfld~~.tQa Darticular (aub)str1n~ occurrence of the derived string. See
Fig. A.14: the first descendent of the parent node can
represent the initial substring “A 12” of Si; the second

• descendent of the parent represents the substring “+“ ; the
third represents “B’C” .

Note that the parse tree does not contain the strings of
terminals themselves. Every node and the string of terminals

• it represents are separate and distinct; one can obtain the
string from the node by using the “#STRING—OF—TERMINALS—OF. ..”

• operator as described above.

• 
-
~
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